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1»RKFACE 


'Diis iexthook iw fur CDlleKF u.si*, lull will svvvi^ iilsii Inr imliislriiil nr 
slinri courses deiiling witli inMcliino tools, cutting t ools, and niarliiii- 
iiliility. In view of the many illustrations of l)asir and s))(M*ial machine 
U)i)ls, typical ma-cliiniiiK operalirms, and coin])ri»hensive recommended 
practice, it should he of use to inodnction, t.oi>l, and design eneineers, 
sii])erint(auleiits, foremen, and draftsmen. 

'I'his hook is the result of thirty years of U^ai'hinj: upperclassmen of 
mechanical and aeronautical enpiUMMinfS at tiie I'liiA'ersity of \'nchiKari. 

Metal Proressiufj has been crnnph'tely revised, d'he cliapter on die 
casting and plastics has been reinovt‘d to make it ])o.Nsible tu add a 
chai)ter on surface (juality and ap])nM*iably enlarge ihe chapters on 
machinability, machine tnol drives, covering electric motors, and hy¬ 
draulic jiumps, both with their controls and cirr'iiits. Much of the 
inlormat ion tleaJing with sint(‘red-carbide tools and thiMr use is new. 

The st(*i)s invoh ed in drssigning for production art' covered in the 
(irst- chapter. The manufacturing drawing with t.ok'ranci^s and surfata' 
(tuality indicated, the analysis and form of mat ('rial list'd, the mat'hining 
operations imlicatt'd, the machine tools, culling tools, and accessories 
for manufacture and inspection dtMerininc the linal idant layout. 
Subst'tjiu'iil chayders treat in detail the various classt's of machines, 
jn oct'sst's, and factors invoh’cd so I hat the st udent devt'lops tlie ability 
I to yilan from its drawing the prodiiclion of a part foi' vaiious conditions 
1 of (juantity and (piality. 

i This book emyjliasiztis paiticulaily the nomenclature oi tools and the 
' sul)ject of machinability. ICxtensix e data ari' given to show cutting 
forces, power, tool life, cliip formation, and surfaci' (|uality as infhnmced 
)w the prop('rti(?s of the maleria.1 being machined, the cutting fluid, 
and the tool shajie Jiiid (piaJily. I'he results of original investigation 
and yrractice are coor dinat (m1. 

In these times it is gi’avely imyrortant that design engiiuiers I'onserve 
slrat egic. metals and simplify and reline (hjsigns so that machines and 
parts can be produced most ('fliciently and at reasonable cost, or, in 
rase of emergency, at sufficii'iitly high rate to inei;t any need. One of 
Ihe most elTective means of accrniiplishing such rmds is for (mgiiieers to 
ki'ep abn'ast of all the lat('st i)i’o(?ess(\s and materials so as to develop 
and use their maidiint^s with lln^se ]iur|joses constantly in mind. 
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PREFACi: 


In the present tremendous expansion of tool design and producti 
the wide range of speriific practical recommendations covered she 
find immediate use. If this reduces loss of time and unnecessary 
pense in this field, I shall be profoundly gratified. 

Many of the features of machine tools, accessories, and cutting to* 
as illustrated and described, are protected by United States and foil 
patents. Attention has not been drawn to each instance. Si 
patented features are shown for general educational purposes with ^ 
permission of the maiiufaclurer, to whom specific acknowledgm^ 
is made. 

The many individuals and industries furnishing data and illustratuy 
have been most cooperative. Lack of space alone prevents mention!) 
them by name. 

0. W. Boston 


January^ 1951 
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CHAPTER I 


AN INTRODUCTION TO THE STUDY OF MACHINES, 
TOOLS, AND PROCESSES 

Metal processing deals with marhine tnnls, small tools, accessories, 
and ])rocesscs by which the production of parts or devices is accom¬ 
plished in single units, small quantities, or mass production. Equip¬ 
ment for the production of parts in small quantities is usually so 
constructed that it can be adapted to a wdde range and variety of w-ork, 
and requires well-trained operators. Equipment for the production of 
I)arts in large quantities, on the other hand, more often is made as a 
single-purpose machine, sinqiler in construction, or with automatic 
features and provided with accessories so that an operator with little 
education or training can load the wmrk into the machine, pull a lever 
to start it, and later remove the machined work. Tliese machines in¬ 
crease the rate of production, improve the quality of the product, and 
reduce the inariufacturing cost. Machine tools and accessories of a 
wide variety are in use, the types and designs of which bear a definite 
relation to the product. 

Design for Manufacture 

In order to produce most effectively a serviceable product, readily 
salable at low cost, its design, metallurgy, and production must be cor¬ 
related carefully. There is a very sensitive relationship among these 
three factors which may be obtained most satisfactorily in an organiza¬ 
tion complete in itself by following a method of procedure suggested 
in Table 1. 

Many times a product is designed or developed by one person and 
then turned over to a* second for its production. Competitive bidders 
may not set forth the w’ays and means of manufacture unless specifi¬ 
cally asked to do so. 

Planning the product; In planning the design of a product, it is 
usually the best procedure to start by making a scries of rough sketches 
or layouts, as indicated by 1, Table 1, to establish in the designer's 
mind definite values of proportions, size, appearance, and mechanical 
perfection. Even in those projects involving the mass production of 
comparatively inexpensive items or the low production of relatively 
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Table 1. Stei’s in Plannint. the Design anu Manijfautuke of 
A PHiiimr'T 

DeBign 

1. Prepai'D rough ykeirhes of tin; iLssniiihly aiiii ilit; variuuH uonipuiieiit parts. 

2. Select the type (analysis) of material to be used for eaeh part. 

3. Select the fabricated form (bars, sheets, forgings, castings) of material. 

4. Determine the heat treatment or other treatments (annealing, hardening, 
plating, nitriding, cyaniding, etc.) of material for purchasing, machining, and 
finishing the product. 

5. Make computations for strength and rigidity, and review various parts for 
uniformity of sections, fillets, proportions, appearance, etc. 

(i. Prepare finished manufacturing drawings inc^orporating all features of design, 
select fits, show dimensions, tolerances, material, surface quality, and hardness 
for each part. 

Manufacture 

Prepare routings for each pai't, considering the number of parts to be produced. 
Set forth all operations in sequence to give the required accuracy and finish 
at the lowest possible cost, and indicate for each operation the machine tool, 
cutting tools, cutting fluids, jigs, fixtures, dies, measuring instruments, and 
gages to be used. 

8. Design and make manufacturing tools and acc.essunes: 

(a) Patterns for parts to be cast. 

((>) Forging dies for parts to be forged or upset. 

(c) Press dies for parts stamped or drawn. 

(ci) Dies for die casting, plastic molding, powder metallurgy, etc,. 

(c) Jigs, fixtures, and other accessories needed in manufacture. 

(f) Measuring instruments and gages for quality inspection. 

([/) Cutting tools and maidiine tools. 

1). Determine the production time for each operation and the number of machines 
of each kind required to provide the desired rate of production. 

10. Prepare the complete plant layout and indicate the flow of material. 

expensive items, a thnruugh analysis at this point is very much worth 
while. Rough layouts freiiuenily may be followed by the jireparation 
of miniature or full-scale models. From such studies the designs 
may be revised. 

Selecting the material: As soon as the general size and shape of 
the article are decided on, the next step, 2 in Table 1, is to select 
the type of material of which each coiniinnent part, should be made. 
If one inexpensive device is needed, the designer may provide sketches 
bearing only important dimensions and, after explaining the use of the 
device, leave the selection of materials, fits, and tolerances to the 
convenience or judgment of the builder. Sometimes the designer 
specifies those materials used in a previously built machine similar 
in general design and purpose, in which, by cut-and-try method, unsuit¬ 
able and expensive materials have been eliminated. If great cost or 
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many i)arts are involved, every care should be given to the selection 
of the materials best suited for each part to meet keen competition. 
Many materials, as suggested in Table 2, are in roiiimon use, and 
following chapters discuss specific applications in more detail. 

Tahle 2 . Materials Used in Engineering Construction 

1. Aluminum and its alloys, AlCo, ASTM and SAE Standards. 

2. Plastics, resiiiuids: cast, muldinl, nr laminated. 

3. C^arbidiis: tungsten, tantalum, titanium, boron, aluininuiii, silirnii. 

4. Carbon, graphite. 

5. Copper-niekel alloys (Monel). 

t). Copper-tin alloys (bronze), ASTM and SAE Staiidaifls. 

7. CoppLM'-zinc alloys (brass), ASTM and SAIO Standards. 

8. Cork and souiid-diNideniiig and heat.-insulating niatorials. 

!). Fabries, leather, paper, ele. 

10. Glass, Pyraliii, ecrainies. 

11. Glues: animal, blood albumen, easein. 

12. Hard rubber, asbestos, fiber, earboii, ete. 

13. Iron, east: plain, alloyed, and fine spheroidal gra])liitii\ 

14. Iron, malleable: blaek heart malleable, pearlitie iron, ete. 

15. Iron, white. 

11). Iron, wrought. 

17. Lead, tin, ziiie, antimony, anil their alloys, AS’^l'M ami SAE Slandards. 

18. Magnesium and its alloys, ASTM anil SAE Standai'ds. 

1!). Paint, enamel, varnish, laeiiuer, japan fini.shes, dopes, ami mel al-plating, etc. 

20. Powder metallurgy. 

21. Rubber, hard or flexible. 

22. Steel, east: iiieluding many alloys. 

23. Steels, SAE and AlSl elassifiealion. 

24. Steels, stainless and heat resistant of several varietii;s. 

25. Steels, 13 per cent manganese. 

26. Steels, high temperature. 

27. Steels, nitriding. 

28. Steels, tool. 

29. Steels, miscellaneous types. 

30. Cast nonferrous metals, as Stellite. 

31. Wood, plywood, and wood-metal. 

32. Zinc and its alloys, die i;astings. 


Some properties of major importance are strength, morlulus, rliic- 
tility, hardness, weight, resistance to wear, corrosion, friction, heat, 
electrical resistance or conduction, inachinability, and appearance or 
sales appeal. 

In many instaiiees, the material best suited to a given part is not 
available, is too expensive, or is too difficult to work, so a compromise 
may be necessary in favor of a second or third choice. The cheapest 
material actually may involve greater manufacturing cost than a more 
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expensive material. Fur this reason, free-cutting brass rod often is 
used in screw-machine work for making small parts requiring no 
appreciable strength, in preference to much less expensive free-machin¬ 
ing steel, as higher cutting speeds can be used. Low initial cost of 

the metal does not necessarily lead to low 
final cost of the article produced. 

Figure 1 shows how even a simple part 
can be made by combining two parts of un¬ 
like metal processed differently to gain 
advantages in cost, properties, or speed of 
production, or to make use of available 
equipment. 

There are many steels of various chemical 
compositions, standardized by the American 
Iron and Steel Institute (AIST). The So¬ 
ciety of Automotive Engineers (SAE) has 
accepted many of these for use in the auto¬ 
motive inilustry. These do not include the 
many types of stainless and heat-resisting 
steels, carbon and alloy steel castings, cast 
iron, malleable cast iron, and hundreds of 
various alloys of nonferrous metals and non- 
metallic materials ein[)loyed by that and 
other industries. All these are standardized 
by the ASTM, SAE, Army, Navy, etc. 
Many new metals are being added to this 
group each year to meet the constantly 
intTe)asiiig demand for greater strength, hanl- 
ncss, wear, and corrosion resistance, as well 
as inmiimity to the deleterious effects of high 
temperatures. 

The steel cniiij)ositions included in the 
standard specifications of the Society of 
Automotive Engineers arc considered adequate for ])raetirally all 
parts made of ferrous materials, which are necessary for the jirofluc- 
tion of automotive apparatus. A numerical index system representing 
the specifications is used, which makes it possible to use the index on 
shop drawings and blueprints. This index is partially descriptive of 
the quality of the material coA’^ered by SAE numbers, as indicated 
on page 5 (coiiipusitioiis in jiercentages). 

The first digit at the left indicates the cla.s.s to which the .steel 
belongs. Thus, 1 indicates a carbon steel; 2 a nickel steel, etc. In 
the case of the alloy steels, the Second figure generally indicates the 



Fin. 1. A Sketch of a Part 
Whieh Can lie Made of Any 
Metal FulfilliiiK the IMiysi- 
eal, C/heniical, and Thermal 
Prr)])erty Requirements by 
ForKiiiK, Powdered Metal, 
Molding, nr Casting as a 
Unit, nr by Welding, Graz¬ 
ing, Rolling, Threading or 
Force-Fitting a liar Stock 
Product with a Staiiipcd 
Sheet Product of Like or 
Unlike Materials, (?ach 
Part Selecled on a Ihusis 
of Costs, Availability, or 
Property. 
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Carhuu Sleuls: SAlii 


Nirkel Steels: 

Nir.kel-Cht'oiniuni Steels: 

Mi)lvl)ileiium Steels: 

(yhruinium Steels: 

CUiiomium-Vaiiiiilium 
Steels: 

SilietHMiiiiKaiiese Steel: 
C/urrusinn- and lleat- 
Uesistiiig Alloys: 


JOlO low-earboii, deep drawing; steel, 0.10 C, O.IOS. 
1020 luw-rarbon (mild or miiehiiiery), 0.20 
1120 liigh-earbon (sulphur) free-euttiiig, open-hearth. 
1112 low-carbon (sulphur) freivrutting, Bessemer. 

(■11 Hi free-cutting with 1.10-1.40 Mn, 0.16 (^, 0.20 S. 
1340 Mil st^^el with 1.60-1.1)0 Mn, 0.40 C, 0.04 S. 
2345 heat-treating, 3.5 Ni. 0.45 C 
2515 carburizing, 5 Ni, 0.15 C. 

3115 carburizing, 0.55-0.75 Cr, 1.00-1.40 Ni. 

3316 carburizing, 1.40-1.75 Cr, 3.25 -3.75 Ni 
4130 heat-treating, 0.15-0.25 Mo, O.BO-l.lO Ci. 

4615 carburizing, 0.20-0.30 Mo, 1.65 -2.00 Ni. 

5140 heat-treating, 0.70-0.00 Cr. 

52100 heat.-treating, about 1.3-1.6 O, 1 C. 

6150 heat-treating, about 1 Cr, 0.18 Va. 

0260 heat-treating, 1.80-2.20 Si, 0.70-1.00 Mn. 

30015 17-20 Cr, 8-10 Ni. 


approximtitc percentage of the inedoiiiiiiant alloying element. The 
last two figures inilicate the average carbon content in hundredths 
of 1 i)cr cent. Tims, SAE 2345 indicates a nickel steel having ai)proxi- 
mately 3 jier cent nickel with 0.45 per cent caibon. 

There are thirty ALSl standard types of stainless and heat-resisting 
steel, divided into three general categories, martensitic, ferritic, and 
austenitic, types. The austenitic alloys contain both chruuiium and 
nickel, with both elements classifieil as major constituents. ALSI 
302, 303, 304, 309, 31G, 321, and 347 arc typical comi)ositioiis of this 
group. They have their maximum corrosion resistance in the annealed 
state. The martensitic group, of which AISI 410, 416, 420, 431, and 
the 440 scries are typical, has chromium as the major alloying element. 
The.se grades are magnetic and respond to heat treatment, in which 
condition they have maximum corrosion resistance. The ferritic 
group, typified by AISI 430, 430F, and 446, also contains chromium 
as a major alloying element. These steels are nonhardenable and 
magnetic, and they display maximum corrosion resistance in the 
annealed condition (“ Machining Stainless Steel/' by L. F. Spence, 
The Iron Age, July 7, 1949, p. 83). 


Selecting Fabricated Form of Material 

Most materials are fabricated into convenient forms for use as 
listed in Table 3. Many materials are hot or cold finished into bar 
stock by drawing through a die or by extrusion. These bars are 
subsequently machined in lathes, turret lathes, screw machines, and 
automatics, depending on quantities of parts to be produced. 
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Castings of *riny nu?f-al tan he marie in almost any size anil in simple 
or cnmplicatcMl shapes. They must be resorterl to when intrirate 
shapes are In hr pnulurerl. Metal ran he jimireil into p’een-sanrl 
molds, dry-saml cores, or permanent metal molds to suit the size and 
shape of the work and the quantity required. Castings must be 
machined to final size if close dimensional control is desired. 

Die castings are limited to low-melting-point metals, such as alloys 
of lead, tin, zinc, magnesium, aluminum, and copper, but are made in 
limiteil sizes and weight. The molten metal is forced under pressure 
into metal molds. Dimensions of die castings can be held to within 

Table 3. Forms in Which Vahioos Matehiai.s May Be Obtained 

Standard Shapes 

Uolhul struf.tural shapeR, as brams, siiiKlf^s, T’s, T'.s, anil r'liaiincls. 

Plates over in. thirkiiess. 

Sheets under iu- thiekness. 

Strips, hot or cold finished. 

Burs over in. diain., hot nr eolil liTiishnil. 

Wire under Jfg in. diam. 

Tubes,' welded and seamless. 

Extruded sha])cs. 

Selective Shapes 

Die forgings and upsettings. 

Green sand, permanent mold, and precision c.Mstings. 

Die castings. 

Moldinl plastics and resinnids. 

Sintered pressed powdered metal. 

Stampings. 

O.OOl in. per in. of length. Holes can be cored, threads cast, and smooth 
surfaces provided so that little, if any, machining is required to prepare 
the casting for use. Only light polishing or buffing is necessary before 
])lating. 

Powdered metal is now being formed into symmetrical parts by 
being compressed in a die and subsequently sintered. Unique proper¬ 
ties such as porosity required by oilless bearings or graphitic bearings, 
high accuracy, and good surface quality are obtainable. This process 
is now competitive with other processes for high production, such as 
machining, die casting, precision casting, stamping, and forging. 

Forgings from dies represent, for most metals, the strongest and 
most reliable form in which the metal can be prepared. They can 
be made close to size to reduce machining, but arc limited to lUore or 
less simple shapes of comparatively small sizes not exceeding two or 
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three hundred pounds. Forgings, heat treated after machining, pro¬ 
vide very high strength. 

Stampings as produced by means of press tools from sheets or strip 
metal combine high strength and light weight. With the wide variety 
of presses available and the opportunity for building so many types 
of dies, very complicated parts can be made in almost any size in large 
quantities at relatively low cost. These die operations consist essen¬ 
tially of blanking, punching, and forming. Very little subsequent 
niachining is required. 

Spinning is a low-production or special finishing operation to form 
sheet metal into final shajic. The rotating or formed sheet is forced 
over a jireformed chuck or form of wood or metal by a manually or 
mechanically operated round-end tool. The tools and ehucks are 
less expensive than press ilics, but the unil labor cost is high. 

Machining from bar stock in lathes, screw machines, or automatics 
is a cheap way of ])roducing parts of symmetrical shape and eircidar 
section. The bars may be hot or cold finished and round, square, 
hex, etc., as desired. The material eost is low, but the machining eost 
may be relatively high. Sjiecial types of screwstock, steel, brass, 
aluminum, etc., are made for lai’ge-produetion service. 

Welding or induction brazing by itself or in eonjunction with any 
of the above processes lends itself very satisfactorily to producing 
parts at a high rate and low final cost. 

Metallizing is a ])rocess of depositing one metal on another to build 
up a worn part nr to provide special surface properties. A wire of 
the metal to be dei)osited is passed through a gun often held in the 
innl post of a lathe as tlie work rotates. The wire end ailjaccnt to 
the work is melted in an oxygen-acetylene flame and blown against 
the work as an atomized spray. 

Electroplating is also used to repair or surface small parts for 
specific fiiirimses. Many nonmetallic materials, manufactured under 
hundreds of trade names, are essentially organic plastics, such as 
resinoids, cellulose, protein, casein, and rubber. They are molded 
in metal inidds and used for a great variety of products. The molds 
are expensive, and, therefore, mass-production quantities are required. 
The molds arc mounted in machines quite similar to die-casting 
machines in which the parts ran be heated and compressed simul¬ 
taneously. 

These materials are divided into two types: the thermoplastics and 
the thermosetting. The thermoplastics, whieli soften when heated 
and harden when cooled, even repeaterlly, consist of casein plastic 
(trade name, Karolith, Ameniid), cellulose acetate (Tcnite), cclliilnsc 
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nitrate (Pyroxylin), ethyl cellulose, methyl methacrylate (Lucite, 
Plexiglass), vinylite resinoids, polystyrene, shellac, etc. 

Thermosetting materials arc those which soften while heating, but 
upon continuous application of heat are cured by polymerization and 
become permanently liard. These consist of phenolic resinoids 
(Bakclite, Durez, and Catalin), urea-formaldehyde (Beetle and 
Plaskon), hard and soft rubber, etc. Products from these various 
plastics and rubber are made by molding in metal dies, laminating 
with wood, canvas, linen, pai)er, etc., in large jiresses with steam- 
heated platens, extruding tlie material, or casting. Parts are molded 
by two principal methods. 

Injection molding is applied to thermfjplastic material, which in 
the form of granuhis is fed from a hopper on the machine into a 
cylinder which is externally heated. The material reaches a tempera¬ 
ture of 300-400° F at tlie nozzle through which it is forced into the die 
under a pressure of several thousand j)ounds per stjuare inch by a 
piston operated mechanically or hydraulically. The hot jilastic comes 
in contact with the water-cooled walls of tlie mold and cools rapidly., 

In compression molding the plastic resinoid is mixed with a filler, 
such as wood flour, asbestos, mica, or graj)hite, and a coloring matter, 
if needed. The mixture is made homogeneous and j)laced in a mold; 
the mold is closed unrler a temperature of 270-375° F and a pressure 
of 2,000-8,000 psi, doiieritling upon the material and size and shape 
of the part molded. It is then molded and in a few seconds removed 
from the mold. The molds may have single or multiple cavities, 
and they may be of the overflow (flash) or of the pns’tive tyfie (no 
flash). The laminated material can be formed into sheets, tubes, 
and rods and subseiiuently rc-formed in dies or machined to shape 
and size. Lamellar sheets are many times faV)ricated into gears wh'ch 
operate noiselessly and withstand heavy loads. 

Discussion of Materials and Their Forms 

When the quantity of jiarts to be produced is small, they may be 
machined from solid stock or built up from sheet, tube, and bar stock, 
joined by various methods, such as riveting, welding, brazing, and 
soldering. Above a certain quantity, these methods of construction 
become prohibitive owing to expense, and production processes of 
casting, forging, and stamping are employed. To illustrate, one part 
may be machined from solid stock or built up at a cost of JlO. If 
ten of these parts are required, it may be worth while first to make a 
pattern of wood at a cost of $30, from which ten green-sand castings 
can be made at a total cost of $5, Subsequent light-machining opera- 
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tions may cost an added S25, making a total cost for ten parts of 
J60, or a final cost per piece of $6. However, if 100 pieces arc re¬ 
quired, a good metal pattern may be made, whicli costs more than 
the short-lived wood j)attern, but whose cost, when prorated over 
100 pieces, is less j)er piece. Refinement in the machine-tool setup 
would reduce the unit cost of machining, wliile the material cost per 
piece would remain the same. The result is that each of the 100 
pieces costs less than one of the ten. If greater quantities are re¬ 
quired, other fabricating processes, such as die forging, stamping, or 
die casting, may be found to reduce the material cost and eliminate 
most of the machining formerly required. The high cost of the 
dies prorated over the tlu)usands of parts made would result in a very 
low unit cost. 

If parts of brittle cast iron are found to break repeatedly, they are 
replaced by ductile malleable cast-iron or high-strength steel castings 
or forgings. Weight imposes limitations, and ductility is of great 
importance. The designer of heavy machine tools, rolling mills, etc., 
is more interested in rigidity than in saving weight. Therefore, cast- 
iron, east-steel, and plain carbon-steel forgings are commonly used. 
The beds of machine tools, the frames of electric motors, and many 
like devices arc made of heavy cast-iron pieces, or they may be built 
up from structural-steel shaijes and sheets by the process of riveting 
nr welding. Welding is gaining in favor as a substitute for riveting. 
High-pressure tanks, sliips, bridge and building structures, machine 
tools, and jigs and fixtures are being constructed of steel sheets, plates, 
and structural shapes welded, riveted, or screwed together. 

Low cost, low modulus of elasticity, ease of producing complicated 
shapes, low shrinkage, good machinability, and wearing qualities 
characterize cast iron. It is usually selected for cylinders for engines 
and compressors because of its good wearing qualities. Cast iron is 
produced in many ways and in many grades. The International 
Nickel Co. recommends a total of fifty alloys of nickel or nickel and 
chromium for specific uses. Molybdenum, chromium, vanadium, 
titanium, and other alloying elements also arc used advantageously. 
Where greater ductility is required, malleable cast iron is used. 
The new cast iron containing very fine spheroidal graphite has a tensile 
strength and elongation approaching those of cast steel. It seems 
destined to replace many of the cast irons, malleable cast irons, and 
possibly even some cast steels (Iron Age, Feb. 17, 1949). 

Cast steel is substituted where a stronger material is required or 
where lower weight is essential. Steel forgings for parts in quanti¬ 
ties of comparatively simple shape and limited weight replace steel 
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rustings. Forgings containing various alloying elements, when prop¬ 
erly heat treated, furnish the most desirable physical properties. 

The designer of automobiles and airplanes is interested in high 
strength-weight ratio and, therefore, uses high-strength alloy steel 
heat treated, high-strength light alloys of aluminum and magnesium, 
and, where possible, sheet steel formed to the desired shape. Large 
parts are built up of sheet steel by riveting or welding. Forgings of 
steel are used where practicable instead of castings. Cast iron is 
replaced by the stronger and more ductile steel castings, except for use 
as cylinder blocks or pistons. AVhcrc the machine involves high speed 
and high power, alloy steels are introduced for gears, shafts, etc. 

Additional materials used in aircraft construction are canvas, linen, 
silk, leather, wood, plywood, glues, rubber, and sound-deadening 
and heat-insulating compositions. Airplane ribs and wings may be 
made up of nailed and glued wood structures, riveted aluminum alloy 
shapes, or shot-welded stainless sheet-steel shapes. The fuselage and 
landing gear usually are made up of welded steel tubing, with the 
highly stressed members of chromium-molybdenum steel, SAE 4140, 
while the lower-stressed tubes are of plain medium-carbon steel, SAE 
1030, both of which have good welding properties. Sometimes riveted 
Duralumin sheet, 17ST, is used. Gasoline tanks arc made of welded 
pure aluminum sheet. 

Plastics and resinoids having a large variety of properties and of 
many types are available. In general the tensile strength is 4,000- 
10,000 psi. They are brittle, usually good nonconductors of electricity, 
and corrosion resistant. They can he jiroduced in many attractive 
colors and finishes at prices wdiich make them active competitors of 
stamped, cast, die-cast, forged, machined, and sintered powdered 
metal parts. Novelties, trimmings, buttons, ladies’ belt buckles, and 
a variety of colored parts are made by casting, molding, and extruding 
rods and tubes of casein plastics. Soft-rubber parts are made by 
molding rubber gum to which has been added about 10 per cent of 
sulphur as a vulcanizing agent. By adding a greater amount of sul¬ 
phur together with inert mineral fillers to the gum, the molded part 
becomes hard rubber. This is strong and ductile and is good for parts 
such as telephone receiver shells, which receive rough handling. Hard 
rubber is also molded into rods and sheets and subsequently machined 
for flashlight cases and vacuum-cleaner parts. Urea-formaldehyde 
molding plastic is very much like phenol-formaldehyde and has a 
natural, translucent ivory color which permits light coloring pigmenta¬ 
tion. It is premolded into tablets and finally molded in metal dies. It 
is resistant to water, acids, oils, etc., and has great dielectric strength. 
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It is used extensively for teacups, tumblers, plates, clock cases, 
vacuum-bottle caps and cups, etc. Phenol-formaldehydes are blended 
with fillers such as wood flour and molded into parts requiring light¬ 
ness, superior finish, and good mechanical strength. Cellulose nitrate 
is inflaininable, its principal disadvantage. Sheets softened in solvents 
can be shaped or drawn in dies. Tubes may be expanded by high- 
pressure steam to fill the cavity of the mold. Toy animals and rattles 
arc made by this method. It has unlimited color possibilities and is 
used in making combs, toilet-article handles, etc. Cellulose acetate 
is used considerably for making jiarts such as clock cases. It is avail¬ 
able in sheets, rods, and tubes or as a powder which is used for making 
tablets for molding. One form of cellulose acetate (Tcnite, Butyrate) 
has high ductility. 

Farts may be made for high production from powdered metals of 
almost all types by compressing them in metal dies under high 
pressure and then sintering them. The structure tlie metal can be 
controlled to make it dense or porous. Many small parts, symmetrical 
in shape so as to be produced in compression dies, can he made by 
Ibis method. Bearing bushings containing oil in the i)orous structure 
for oilless types of bearings, or tiie metal containing jjowdered graphite 
for use in high-temperature, oilless bearings, are readily made by this 
method. 

Coordinated design: The design of a product is devclojied by the 
engineer of design and, because of the many factors involved, must 
be done in close cn()i)cration with other divisions. Modern industrial 
plants comprise many dejiartments nr divisions, each having special¬ 
ized work as shown in Fig. 2. Those most concerned with the details 
of design arc; 

1. The piirchasinn; ricpartrnpnt — responsibln for matprial prorurcmpiiti and 
rosts. 

2. Metallurgipal departmenf — set up and maintain specifications for materials. 

3. Plant equipment department—furnish and maintain inatdiine tools to ma^ 
chine the parts. 

4. Tooling departments — furnish and maintain work-holding jigs and fixtures, 
dies, inspection gages, and cutting tools. 

5. Produi'tion department — responsible for manufacturing. 

6. Inspection department — maintain rpiality of the incoming material and 
product. 

7. Sales department — establish and maintain markets for the product and 
provide a definite and uniform nianufac.Luring schedule. 

8. Inilu strial de.signer — rcsprm.sible for sales appeal. 

These offices agree on the material of which each part is to be 
made; the form in which that material shall be purchased; the treat- 
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ment to which it is’^to be subjected to meet physical, thermal, or 
chemical requirements; features of design which influence the use of 
machine tools available or to be purchased; features of design, such 
as locating points, which influence the design of jigs, fixtures, and 
cutting tools in production, and practical manufacturing tolerances 
on dimensions. The design should provide for case of assembly, 
repair, or replacement of parts so that the article may be produced 
and serviced at the lowest possible cost. 


President 


GenenI NsnsKer 



Fin. 2. An Organization Chart of a Matiufanturing Plant Illustrating the Coordi¬ 
nation of the Five Main Divisions As Well As the Subdivisions of Manufacturing. 


Fits and tolerances: In designing, mating parts should be dimen¬ 
sioned in such a way that, after they have been made as individual 
units, they will fit together and function as desired. This is known as 
the manufacture of interchangeable parts. Frequently in job-shop 
work assemblies are built up by making one part to fit the other. This 
often requires long, tedious fitting operations. When nreasional assem¬ 
blies of high precision are desired, they are often obtained by selective 
assembly of jiarts from regular production. 

No part can be made to fit another part exactly, nor can all pieces 
of any jiart be machined to the same exact size. The American Stand¬ 
ards Association Standard B4a, 1925, jirovides for eight metal fits as 
illustrated in Fig. 3. 

The nominal size is that size indicating a close approximation to a 
standard size, such as Vs, The nominal size of the shaft 

and hole in Fig. 4 is 3 in. The basic size is the exact theoretical size 
from which all limiting variations are made, as 3.0000 in., equal to the 
nominal size for the hole, and 2.9981 in. for the shaft, equal to the 
basic hole size minus the allowance as shown in Fig. 4, 
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Fig. 3. The Eight ASA Fits for Parts of a Nominal Size of 1 in. Referred to the 
I-ill. Basic Size of Hole. 


The liiiflic size of shaft varies with the lit. The vuliiee reprcsentiiiK tulpr/tiiees are in U.ODUl in. 

Witli d representing tlie noiiunal size, anJ A, B, and (* the ennstunts fur dililerent clnssi.s uf fits; 

llule tnlerunr.e — 

Shaft tolerani-.c = A ^ 

AHdwancp. = rf* 

(Maas 1, Inuse fit, largEs allnwaiice. Tlie ronstants A, li, anil C nrpial 0.(H)25. 

I Mass 2, free lit, liberal aUitwanee. Fur running fits with speeds of (ilMI rpin or over, and joiirnal 
pressiire-s iJ (iOO psi ur uver. A and B erpial 0.01)13. C uiiuals 0.0014. 

(Muss 3, inedinin fit. Fur sliding fits and running fits with speeds and pressiirea under thuHe of 
Plans 2. A and B ^ 0.0008, and C crpmls 0.0000. 

(''la.s.s 4, snug fit, zero ullowaiiee. The chnsest fit whieh can he asnemhled by hand. It iiccnasitatos 
work of higli preeisinn. It is u.sed where no perreptible shake i.s pDriniasible and where moving parts 
are nut intended to move freely under a load. A equals O.OOOG, B cqiialH 0.0004, and C LupiaLs sero. 

Class !i, wringing fit, with zero to negative allowance. Asseinhly is u.sually selective and not intor- 
changeable. A eipials 0.0000, B eriunls 0.0004, and (' eipials zero. 

(Muss n, tight fit, with slight negative allowance. Light prttasure is required tn HKseniblc these fits, 
and the parts are more or le.sH permanently assembled. A uipials 0.0000, B equals 0.0006. Average 
inter/crenee equals 0.0002.'iii. 

CMas.s 7, iiicdiiiin furcc fit, with negative allowaiiRp,. Oonsidcnihle prensiire is reqiiirurl to assemble 
these fits, and the parts are niin.sidered permanently sssemblcd. Tliese fits arc the tightest recum- 
mLMuled fur cast-iron holes nr external members, as they stress cast iron to its elastic limit. A equals 
0.0006, B Ripials O.OOOG. Average interference of metal equals O.ODOSd. 

Class 8. heavy forue anil shrink fit, with considerable negative allowanDe. A eiiuols 0.0006, B equals 
0.0006. Average interference uf metal equals O.OOld. 



Fig. 4. Hole and Shaft Dimensions Showing Tolerances, Limits, and Allowances 
for a 3-in. Nominal Diameter with the ASA Medium Fit, Class 3. 

This fit is used fur running fits under 600 rpm and writh journal pressures less than 600 psi; also 
for sliding fits and the more accurate machine tool and automotive parts. 

The tightest fit is with the 3.0000^in. hole and the 2.B0Bl-m. shaft, giving D.001D-in. allowance. 

The loosest fit is with the 3.0Dl2-in. hole and the 2.B06D-in. shaft, giving 0.0043-in. clearance which 
equals the allowance plus both tolerances. 
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The allowance is the intentinnal difference in basic diameters nf 
mating parts tn provide for different classes of fits. It is the minimum 
clearance space intended between mating parts made by the unilateral 
tolerance system, as 0.0019 in. in Fig. 4. It represents the condition of 
tightest permissible fit, that is, the largest internal member mated with 
the smallest external member. The basic hole is usually the nominal 
size, and that of the shaft is undersize. On this basis, standard reamers 
may be used to finish the holes. The shaft size is varied to suit the fit. 
The basic shaft may be used as the nominal size, however, and the hole 
diameter varied. 

By tolerance is meant the amount of variation permitted from the 
basic dimension. Tolerances make it possible to manufacture parts 
accurately enough to function properly and to avoid unnecessary 
precision which would increase manufacturing cost without a propor¬ 
tionate increase in the practical value of the product. Figure 4 
shows tolerances applied to the basic diameters of the hole and shaft. 
The tolerance on the hole is above the basic size, but that on the shaft 
is below unless for force fits. 

There are two systems of tolerance in common use: the unilateral 
and bilateral. The unilateral tolerance system, as approved by the 
American Standards Association, Fig. 4, gives tolerances on only one 
side of the basic dimension. The bilateral tolerance system indicates 
tolerances on both sides. Tolerances are sometimes referred to incor¬ 
rectly as limits. Limits represent the maximum and minimum dimen¬ 
sions, as shown in Fig. 4. 

There are several American Standard forms of screw threads in 
general use, although the new United States, Canadian, and British 
Unified System will supplant them. The present systems consist nf 
the American National Coarse NC series, the American National 
Fine NF series, the American National 8-, 12-, or 16-pitch thread 
series N, and the American National pipe thread series, tapered and 
straight. See Tables X-9, X-10, and X-11. Each ASA thread series 
is made in four classes: Class 1, loose fit; Class 2, free fit; Class 3, 
medium fit; and Class 4, close fit. Tolerances and allowances are given 
in specific tables in the above standard. 

The new Unified Thread Standard (ASA Bl.l, 1949) adopted by 
the United States, Canada, and the United Kingdom is based on a 
60 deg thread with a flat crest and rounded root. Figures X-66 and 
X-67 and Table X-11 show the neiv thread standards. To correct 
irregularities prevalent in the old standard, the tolerances for the 
thread classes in the new standard are computed by formulas based 
on D, basic major diameter; v, pitch; and L^, length of engagement. 
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New classes of fit for external threads are lA, 2A, and 3A, and internal 
threads IB, 2B, and 3B have been established to replace the old ASA 
Classes 1, 2, and 3. The tolerances on the internal threads are plus 
from basic, and the tolerances and allowances of the external are 
minus from basic. Thus there can be no interference between threads, 
regardless of what classes of thread are assembled. Class 2A is the 
recognized standard practice for production of screws, bolts, and other 
threaded fasteners. Tt provides clearance with any class of internal 
thread; it minimizes galling and seizing and high-cycle wrenching and 
high-temperature application. It accommodates plating when re¬ 
quired. Old Classes 1 and 4 have been discontinued. The notation 
%-16 IJNC-2B, as shown in Fig. .5, means a % in. diam., 16 threads 
per in., Unified series, Class 2B fit. The Unified threads given in 
Table X-11 are designated as follows: 

UN(-: ('nar.se Threail Series for sizes ranging from ^ to 4 in. diam., inclusive. 

C\q.ssgs 1A, IB, 2A, 2B, 3A, anil 3D. 

UNF: Fine Thread Series for sizes ranging from to 114 in- diam., inclusive. 

Cla.sHe.s lA, IB, 2A, 2B, 3A, and 3B. 

UN: Selected Special Thread combinations for diameters ranging from ^ to 

() in., inclusive, and applying only to Classes 2A and 2B. 

The terms applied to the Unified threads are illustrated in Figs. 
X-76 and X-77. 

Manufacturing design: Finally, detailed and assembly drawings are 
prepared on which all features of design, including necessary mathe¬ 
matical calculations or practical considerations for convenience of 
manufacture, are incorporated. The detailed drawings of each com¬ 
ponent part are made to show all dimensions, class of fits, tolerances, 
concentricities, surface quality, and other instructions necessary for 
its manufacture, as illustraterl in Fig. 5. Surface finish of the 0.874 in. 
diam. has lay marks perpendicular to the boundary line, of 8 micro- 
inches, root-mean-square surface quality, a waviness height not in 
excess of 0.005 in., and a roughness width not in excess of 0.008 in., 
as described further in Chap. XVII. 

Bill of material: Wlien the final engineering or manufacturing 
drawing of a device is fini.shed, a bill of material is prepared. It 
usually is summarized on an assembly drawing, although the detailed 
drawing of each part indicates material for that part. This bill lists 
the number and names of all parts as numbered on the assembly 
drawing, the quantity of each unit required in the assembly, as well 
as the type, fabricated form, and amount of material as in Table 4. 
The weights of the rough stock and finished part are sometimes added 
for convenience. This is used in estimating cost and purchasing. 
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Routings: The next step in manufacture is to prepare routings for 
each part as called for under 5, Table 1. Each routing shows all 
operations on a piece, arranged in sequence. The specific types of ma¬ 
chines and tools are listed for each operation, together with all operat¬ 
ing conditions, size of cut, cutting speeds, and feeds which represent 

the best j)racticc. From 
these data production rates 
are set, and the number 
of machines determined for 
each operation. Special 
measuring devices for in¬ 
spection and manufacturing 
accessories also are listed by 
numbers which relate to the 
part number, operation, and 
type of tool (see Table 5). 

The various operations are 
governed by the type of 
equipment already available 
or to be purchased, and 
by the fabricated form of 
the material for the part. 
There often arc several 
ways in which a part may 
be made. Fig. 1. The 
most efficient manufacturing 
method under existing con¬ 
ditions should be selected. 

The main factor in de¬ 
termining the method is 
usually one of cost and con¬ 
venience with relation to the 
l)lant and available equip¬ 
ment. The list of opera¬ 
tions and equipment, based 
on the final manufacturing drawings, as summarized on the routing 
sheet, serves as a guide in laying out the equipment to provide the 
most economical flow’ of material through the plant. This design and 
routing should be as final as humanly possible before material is 
ordered and production is started. 

This final form, how’over, cannot remain unchanged for long. Con¬ 
ditions are ever-changing and must be met by the engineers. Great 


Material 

SA.E. 1035 Steel One RqDl li|DiA.«2jLoNii HR. 
Heat Treatment SA.E.3lir 
Normalize at l65Cf-l75CrF: Heat to 152Sil575F 
AND Quench in Water. Draw at llOCfF 


Tolerance on Fractional 
Dimensions »00 


Dept of Metal Processing 


University or Michigan 


Ann Arbor Michiban 


3M3 Power Pump 
Wrist Pin 

Idrann sr y / M . 


»eet; 

^ET 


Na 102-1 


Fiq. 5. A MH.Tiufnnturin^ Drawing of a 
Component Part w'ilh Tolerances and In¬ 
formation for Complete Processing. 

The! boundary liniui an? 7 in. by 10 in., and then the 
Hhpet in trimmeil to in. by 11 in., with a 1-in. mar- 
Kin on tliE? left. Largor Hizra are trimmed to multiples 
of by 11. The title bloek in in. by 21^^ in. 
Surface iiuality ia indieatf?d an / (hninh in no definite 
iiuumDr), G (Rrind but indefinite), and 8 (micru-inchce 
r.ni.n. obtained by grinding, lapping, etc.). 
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Table 4. A Bill of Material 


lilustiatiiiK thn use of various types of materials. RefEsrenee should be made to 
the SAh] and ASTM Handbooks. 



Part 


Material 

Num- 

Name 

N umber 

Type 

Form 

her 

Required 

1 

Oil-filter shell 

1 

SAE 1010 steel 

Sheets, 14 gage 

2 

Refrigerator eon- 
deiisor 

1 

Stainless steel, 18-8 

Sheets, 20 gage 

3 

Camshaft 

1 

SAE 1020 stpE'l, car¬ 
burized 

Die forging 

4 

Crankshaft 

1 

SAE 1045 steid, hf»at 
treated 

Die forging 

5 

Conner ting rods 

2 

SAE X3140 steel 

Die forging 

6 

Airplane proptdler 
shaft 

1 

SAE 4140 steel 

Die forging 

7 

5^ Hex head sr.rew 

36 

SAE X1113 sIcbI 

f !old-finished l)ar 

S 

J^^-in. Filister head 
serew 

24 

SAE XI115 steel 

Cold-finished bar 
(upset and cased) 

9 

Universal joint fork 

2 

SAE XI340 steel 

Upset forging (oil 
hardening) 

10 

LargE»-speed reduc¬ 
tion gear 

1 

SAE 2315 steel 

Die forging (car¬ 
burized and oil 
hardened) 

11 

Conneeting-rod 

1 jolts 

4 

SAE 3130 steel 

Annealed bars 

12 

Ball-l)earing rare 

4 

SAE 52100 steel 

Seamless tuVjing 

13 

C"oil spring 

4 

SAE 6150 steel 

(^.old-finished bar 

14 

V aruuin-nleancr 
body 

1 

SAE 305 Al-Si alloy 

Die casting 

15 

Piston, automobile 

B 

SAE 34 Al-Cu alloy 

Sand or permanent 
mold easting 

16 

Knob for automobili^ 
rowl 

6 

Cellulose acetate 

Die molded 

17 

Truck differential 
housing 

1 

Malleable iron, 

ASTM A47~33 

Sand casting 

18 

Ph osph orus-br on z e 
bushing 

4 

SAE 64 Cu-Sn-Pb 
alloy 

Casting 

19 

Cylinder, engine 

1 

SAE 111 (200 B) cast 
iron 

Sand casting 

20 

Truck-wheel hub 

2 

Carbon steel, ASTM 
A27-24 

Sand casting 


sums of mt)ney arc constantly expended in large plants to introduce 
new materials, new fabricated forms, or new manufacturing equipment 
to effect economics and promote sales. Small savings on each part 
manufactured in quantities yield appreciable profits. 




Far the production of 20 spur gears, a wood pattern and about 22 gray-iron castings are required. 
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TnripKin g 20 spaces on 29-hole circle with 3 gears on mandreL 
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Prints of those parts made from castings must be sent to the pattern 
shop where patterns are designed, constructed, and delivered to the 
foundry. Prints of parts made in presses or by forging or upsetting 
arc sent to the die-design section where the designs are executed by 
specialists. The dies then are constructed in the toolroom and die 
shop. Prints of parts requiring machining operations, with copies of 
routings of the part, are sent to the tool-design division where jigs, fix¬ 
tures, and inspection gages are designed. Many times these jobs are 
turned over to specialized outside plants to be designed and con¬ 
structed. 

Again in the construction of these dies, jigs, gages, etc., standard 
materials are available to meet various retiuirernents. Each j)lant 
usually standardizes materials and methods as a result of years of 
experience or recommendatioiis from reputable suj)pliers. The degree 
of elaboration of any design should depend upon the purpose for which 
it is intended. A large exi)cnditure is justified for large production. 
Frequently, however, special tools are required only because the job 
cannot be accomplished satisfactorily otherwise. 

Time Study: The time required for each operation is determined 
from the production data summarized on the routing sheet. The time 
for each operation may be estimated by the production supervisors, 
computed from speeds and feeds, or determined by a time anti motion 
study. Equipment in the form of stands, conveyors, etc., should be 
provided where needed so a.s to expedite the nj)eration and reduce 
fatigue as much as possible. From these production rates, the number 
of machine tools required for each operation is determined. 

A standard time may be defined as the time required for an average 
worker to accomplish a task when working steadily without overexer- 
tinn. Allowances are included for any regularly occurring interrup¬ 
tions such as for grinding or adjusting tools, preparation, personal 
delays, fatigue, inspection, and delays of various sorts. The rate of 
production set should anticipate a fair day’s work. It is used as a 
basis of wage payment or operation costs. Frequently a premium or 
bonus is paid the worker for all production over that set as the 
standard. 

In determining a standard time, the operation or task is first divided 
into its natural divisions or elements (see Table 6). Care should be 
taken to separate the machine or labor elements in these divisions, as 
it is on the labor time that allowances for personal delays, fatigue, 
chance for speeding up production, etc., are actually based. Labor 
elements, such as tool grinding and setting up machines, require indi- 
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vidual studies and may or may not be included in the operation and 
allowed for in the standard time. 

Table 6. Sampijb Time-Study Sheet 



A simple and commonly used method of determining a standard time 
is illustrated by the observation sheet, Table 6. The fourth clement 
alone is purely machine time, the balance depending upon the operator 
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(labor). The time-study man must then seriously consider the type 
and effort of the operator—is he skilled or unskilled, fast, slow, aver¬ 
age, stable, or variable? This time study shows ten sets of readings; 
in practice, more are advantageous, taken at different times during the 
day. Some of these times are continuous; i.e., a stop watch graduated 
in hundredths of a minute is started at the beginning of one element 
and allowed to run until that same point of the cycle is reached again, 
but readings are taken and tabulated at the beginning of each element. 
The lapsed time of each element is then determined by subtraction. 
The fourth and eighth readings are individual times, the watch being 
started at the beginning and stopped at the completion of the element 
so that lapsed time is obtained directly. The figures marked by aster¬ 
isks are thrown out since they are too high or too low and arc not 
believed to be representative. After the ten readings have been com¬ 
pleted, the minimum time of each element is selected and tabulated in 
the right-hand column for guidance. The average time for each ele¬ 
ment is also determined and tabulated. These averages are totaled. 
The differences between the selected minimum time and the average 
time for each clement should not be excessive. 

The sum of the average time and allowances is then expressed as the 
standard time in pieces per hour and hours per piece. 

The Machine Shop 

The object of the machine shop is to machine parts to predetermined 
standards and possibly assemble the parts into sub- or final assemblies 
for shipment. All metal devices or machines are manufactured on a 
machine tool. These are 'power-driven machines designed to hold a 
part to be machined and drive a cutting tool so as to cut chips from 
the material to the required extent. Machine tools include lathes, 
planers, shapers, drilling machines, milling machines, saws, grinders, 
broaches, presses, etc., of a wide variety of types and sizes. 

Cutting tools comprise single-point tools for turning, boring, shap¬ 
ing, and planing, milling cutters, drills, reamers, taps, dies, broaches, 
saws, and abrasives, each of a great variety of types, materials and 
sizes. The cutting tool is named for the machine tool or process by 
which chips are removed. 

In the following chapters, the machine tools and cutters of the 
various processes and functions are treated separately more in detail. 

There are hundreds of thousands of machine shops throughout this 
country. Some of these are large and scientifically operated; many 
are small with complete control in the hands of the machinist-owner. 
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Most of the larger ffh()j)s were started by a skilled inaehinist providing 
himself with a few inaehine tools and eiitiers to do misrellanemis or 
jobbing inaehine work, as deseribed below. 

Siieh a small job shop usually contains an engine lathe, an upright 
drill press, a knee-type milling machine, a jiowcr hack saw, a shaper, 
and a two-wheel floor-type tool grinder. A portable electric-power 
drill and grinder are commonly included. Cutters for these machine 
tools consist of forged tools or tool-bit holders for the lathe and shaper; 
drills, reamers, counterbores, countersinks, etc., for the drill press; offset 
boring heads, end mills, milling cutters, etc., for the milling machine; 
saw blades for the saw; and abrasive wheels for the grinder. Chucks, 
vises, and chimps are provided to hold the work in the various ma¬ 
chines. Many added accessories, such as hammers, chisels, files, and 
measuring tools, are needed. 

If tlie work increases, a second engine lathe will bi necessary; or if 
large j)arts are to be machined, a radial drill press and planer are 
added. A cylindrical, internal, or surface grinder may be necessary to 
finish some of the work to the size and surface desired. 

The owner of a growing shop finds that he can no longer do machine 
work, as he is called upon to solicit work, devise machining methods, 
inspect and deliver the finished work, hire additional labor, set rates, 
keep manufacturing cost^, bill accounts, pay his workmen, purchase 
raw materials and supplies, etc. Additional specialization is neces¬ 
sary. One of the best machinists is asked to act as a foreman in charge 
of production. A stenographer and accrnintant are necessary in the 
office. Another good machinist is assigned the duties of draftsman to 
prepare drawings of parts to be machined. A timekeeper, a cost clerk, 
an inspector, a maintenance and repairman, a purchasing agent, and 
many others, more or less specialized, are needed to take care of the 
constantly increasing volume of business. The organization thus be¬ 
comes one of specialists, as indicated in Fig. 2. 

The work so far done in this shop was of the job-shop type, in which 
only small quantities of any single piece had been produced. The 
equipment, therefore, was such that, with the use of a variety of attach¬ 
ments, many different types of work or jobs could be done on the 
machines with only a slight modification of the setup by the machinist. 

Large manufacturers began sending in work which called for the 
production of relatively large numbers of each piece. This introduced 
new problems. The machining of the parts in small or even large lots 
may be done by equipping the job-shop machines with jigs or fixtures 
to hold the work while it is being machined, and may at the same 
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time make possible substantial savings in loading and unloading time, 
The introduction of jigs and fixtures and special tools calls for a man, 
commonly known as a tool engineer, to design tools and jigs or fixtures 
for each operation. 

Semiproduction machine tools also may be purchased for machining 
lots of moderate quantities. These are purposely constructed to be 
adapted readily to a certain class of work, and they may be used in the 
job shop for small lots or for limited-production w'ork. A variety of 
tools and toolholders is included in the standard equipment of the 
semiproduction machines, such as the turret lathe and screw machine, 
and these accessories are so constructed that relatively little time is 
required to change the tooling setup from one lot-pr()duction job to 
another. 

After the shop has operated successfully for some time on the job- 
shop and scmiproductinn basis, orders may be received to produce 
various yiarts in large quantities, that is, mass production. Produc¬ 
tion machine tools, such as the centerless grinder, automatic gear cut¬ 
ter, automatic screw machine, semiauttimatic turning machine, and 
semiautomatic multiple-spindle drilling machine, are purchased to do 
the work. These machines are an outgrowth of the standard job-shop 
machine simplified to do a limited range of work when provided with 
special-purpose jigs and fixtures, or they arc designed to machine a 
given part, usually employing multiple tools so that a number of tools 
work simultaneously, or so that a number of operations are performed 
automatically and successively on the piece. This type of machine 
usually has many automatic features. After loading the part, the 
operator starts the machine on its cycle which is continued automati¬ 
cally until the machining is finished, when it is stopped. Many auto¬ 
matic machines, such as the automatic screw machine, produce parts 
continuously without the attention of an operator after being loaded 
wdth bar stock. One operator often attends several machines. The 
setup of these machines is so specialized and complex that several 
hours or even days may be required to accomplish it. Often special 
formed tools are made for the given job. 

Very large production has stimulated builders to design and con¬ 
struct machine tools for a single purpose, such as turning pist-ons, 
boring cylinders, drilling cylinder blocks, and gear cutting, which 
operate for months or years on one setup. This type of machine is 
an important factor contributing to the extremely low" manufacturing 
cost found in such plants as those of the automotive industry. 

The production superintendent in charge of the machine shop, tool 
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supervisor, and plant engineer work elosely together. They should 
understand thoroughly such subjects as routings; material handling 
and control; power transiuissioii; standardization of materials, equip¬ 
ment, anrl labor; production scheduling; time and motion study; wage 
payment; and accounting and costs, because of the necessity of com¬ 
plete cooperation in reducing and controlling costs. The production 
superintendent is in charge of all foremen and direct labor engaged in 
the production of the product and is responsible for maintaining the 
rates of production as scheduled. 

Plant Layout 

As soon as thi‘ method of inanufacture is agreed ui)on as exemplified 
by the routing, the idant is prepared for manufacture. Machine tools, 
as deteniiined from the routing, must be provided and arranged; and 
all aeeessories. including con¬ 
veyors, designed ainl constructed. 

It is a good ])ractice to cut scale 
inod(‘ls from heavy i)aper at in. 
per ft anrl lay them nut on the 
floor j)hin as illustrated in Fig. h. 

Wood or die-cast models are avail¬ 
able so that height of equipment 
may also he considered. With 
their hel]), overhead conveyors, 
j)ipi‘S, and structural meml)ers of 
the l)uilding can he accommo- 
datefl. A final layout for mass 
production is shown in Fig. 7. 

In small job shops the work is carried from one machine tn another 
by one all-round machinist, for the successive operations. The ma¬ 
chine tools are arranged in a convenient way under a general foreman. 
Work in small and large lots has one operation done by one specialized 
machinist, as in milling, on a machine tool of a type grouped under 
one foreman specializing in that line of work. The lot in tote boxes, 
on racks, or on trucks is then delivered to a machine of another type, 
such as grinding, located in another group under a specialized foreman, 
where the next oi)eration will be done on all pieces by a grinding 
machinist, etc. 

In mass production a foreman may be in charge of a department 
covering the complete manufacture of a given part. There are, for 
instance, crankshaft departments in which one man is in charge of the 



Fio.6. Preliminary Plant Layout Using 
Card Forms Cut to Snaln to Repre- 
SRiil Machiiios. 
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productiun of crankshafts. In this case, machines of a wide variety 
are grouped together and often arranged so that the part passes from 
one machine to the next progressively through all the operations from 



Fia. 7. A Fin^ll Plant Layout for J^rogrossivo Line Machining an Autuinotivo 

Cyliiiilcr Block. 

rough stock to the finished part, as listed on the routing. This is 
called progressive line machining and the machinists are machine 
operators trained only in the operation of that one machine. 

QUESTIONS 

1. What are the four princinal faclors involvnl in metal rutting? 

2. P]xp1ain the Soriely of Automotive Engineers’ symbols for ilpsignating 
steels. 

3. What are the SAE and AISI symbols for medium-carbon steel? Define 
them. 

4. Of wliat niiitmuls air rutting tools made? 

5. List anil ilesriibn eurh step of a manufacturing design. 

6. What is a job shop? 
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7. WIihI Min smnn iif thi' mjirliini' tools gi'ni'rallr foiiiul in jnii simps? 

B. Of what rlons (iin i-osl of inaniirnnliirn in a joh simp I'onsist? 

9. What arn sniiiiprodurlion nianhinrs? Nanin sn\ nral. 

10. \^’llMl is liman( hy mass proiiimlion? 

11. Wluit arn sumi’ of llii' lools iisnd in mass proiliii'lion? 

IZ. Explain tlin tlirnn tyiins of lUMi'liiiie slmi>s, hasnil on proiiurtion mnthoils. 

13. In what, form is iiiatnrial fahriratnii for use? 

14. Explain the relation of the maehine shop to other departments. 

15. What are the duties of the tool engineer? 

16. What are some of the features emhoilied in the final design of a v*n.rt 
whifh are helpful in proiiurtion? 

17. What is meant by (he manufarture of inlerehangeable parts? Seleetive 
assembly? 

IB. Explain tin- relalionship between a routing and a plant layout. 

19. Exfilain Ihi’ meaning of Ihi' terms: fil, allowanre. tolerance, and limit. 

20. .A li(|uid is to be marked in 12-oz packages. Explain the advantages and 
ilisadvaniages of using tinned-sh'el cans, glass bottles, paper cartons, or plastic 

I Mips. 

21. Compare (tie ])ioperties and use of a small part, such as a I'uii, if iiiadi* 
from powdered iiluminum metal, an aluminum stamping, a molded plastic, nr 
macliineil from liar slock. 

ZZ. Name (he ailvantages of the TTnified Screw Threads, first fis to use and 
si'cond as to strength. 

23. (;)nmparc I hi* relative merits of (ri) a steel or aluminum stamping; (b) 
a giay-ii-on casting and steel forging; (r) a zini' die casting and a molded plastic; 
(r/) !i .^tainli'.ss steel part machineil from bar slock and a iiressed and sintered 
bronze powder; (i ) a co]i])('r-tin bronzi' bushing machined from cast bars and a 
porous Oillilf' or graphitic bushing made by powder metallurgy; and if) a small 
Hange part marie by machining a casting nr by wrdiliiig or brazing two steel 
slamiilngs together. 
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CHAPTER II 


LATHES 

THE ENGINE LATHE AND ITS DEVELOPMENT 

A lathe is a maohinc tool wliieh holds a |)ieee of material to be 
turned to a cylindrieal section between two rigid supports called cen¬ 
ters, or in some device, such as a facei)hite or chuck, attached to the 
overhanging end or nose of the spindle. The spindle carrying the 
work or material to be cut is made to rotate while a cutting tool, 
fixed in a tool post supported on a carriage which slides over the bed, 
is brought into contact. 

Modern cutting tools are of such excellence that the tendency in 
machine-tool design is to jirovide a combination of high ranges of speeds 
and feeds accompanied by great rigidity and accuracy. This has led 
to the wiile use of antifriction bearings; alloy steel gears, hardened, 
lapped, nr ground; helical or herringbone gears; and almost completely 
automatic lubrication. 

CLASSIFICATION OF LATHES 

It is difficult to classify definitely all existing lathes now on the 
market, because of the wide variety of tyjies, sizes, and builders. 
Many are flosigned for general use and others for a specific purpose. 
They may be classified in accordance with their features of design or 
construction and the j)urpose for which they are intended. From the 
design point of view there are; 

1. Bench lullic.s, 1 ami 2, aurl floor-type latlins, Fig. 3. 

2. Speed hillH-.s' in whirli llic tonl is acMiiatcd by hand, and engine lathes in 
whii'h the ton! is fcil by puwi’r Uiroiigli a feed roil or lead sernw, or by hydraulic 

jiiTssuir’. 

3. Solid bed 1alhr>s, Fig. 2, and built-up bed lattins. Solid hod lathes may 
havn conslant swing bclwcnn llu* hradslork and lailstork, or have a permanent 
gap in the hnd between the head.slof‘k and thn ways on which the carriage 
slides. Thi.s gaji peiniits a workiurM*e of a larger diameter to bn swung over the 
beil below thn spindln nnsn than could bn swung ovnr the ways. The built-up 
bnd may havn a sliiling uppnr part which may be moved away from the head- 
stock tn proA'idn a gap betwrnn the nnd of the sliding bed and the headstock, or 
M Section of the bnd bnlow thn ovnrhanging spindle may be removed to provide 
the gap. 

4. Step-cone-pulley drive, Fig. 4, or geared head, Figs. 6 and 8. 

5. Horizontal-spindle lalhes. Fig. 2, and vertical-spindle lathes, as represented 
by the vertical turrid lathe, Fig. XI-7, and Ihn vertical boring mill, Fig. 19. 

29 
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Speed lathes are those in which the tool is actuated by hand. The 
lathe usually consists of a bed on which are mounted a headstock and 
tailstock to supixirt the work and a carriage or adjustable slide to 
support the tool. The speed lathe is similar to the engine lathe, Fig. 1, 
except that it has no power feed to the carriage. The tool may be 



Courtesy ^oulh Bend Lathe Warka. 


Fig. 1. The 0-iii. HwiiiK, 16 in. between Centers (22, 28, and 34 in. Available) 
8outh Bend Mndcl A Bench Lathe. 

Cabinet-mounted K-bp a-c iiiutor inuunted at the rear uf the headstock driven to the jack shaft, 
having a S-step-cone pulley which drives by flat belt to the spindle. With back gears six speeds are 
available from 7f) to 1,270 or 41 to 658. With ^-hp motor and 2-Hpeed jack shaft, 12 speeds are 
available. The lathe equipped with quick-change gears will cut threads of 48 pitches from 4 to 224 
per inch. Power longitudinal feeds from 0.0015 in. t« 0.0853 in. are available with cniss feeds from 
D.0004 to 0.0252 in. Toolholder shank of ^ X for M-in. sq. bit is used. This lathe is in the low- 
price class, approximately 8250. 


supported on a T rest, or held in a tool post which is supported on the 
cross slide and carriage. Tlic work is lield between the centers of the 
head- and tailstock or attached to the chuck or faceplate on the head- 
stock. Such lathes are designed for wood turning, lapping, polishing, 
liglit metal cutting, or even spinning sheet metal. 

The engine lathe, Fig. 1, is the common power-driven lathe adapted 
to do a variety of work; tlie production engine lathe which is rigidly 
and simply constructed for production work; and the toolroom lathe 
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which is the engine lathe jirnvifled with extra attarhineiit^ and refine¬ 
ments f(ir miscellaneous accurate, tnolronm work. 

The carriage is power driven by a feed rod or lead screw in turn 
driven from the spindle, as shown in Fig. 10. The carriage may be 
fed longitudinally and the cross slide transversely on most engine 



Fig. 2. The Hardinge Mwlel IIL High-Speed Frecision ToolroDin Bench Lathe 

and Cabinet. 

The iniitur for driving the epindle ifl mruinted in the cabinet leg under the hendHtonk. Infinitely 
variablL* NpeedN are available to the Hpindle. The taiiatock cabinet ie provided with nhelvea for holding 
extra chucks, centers, tool posts, steady and follow rests, etc. The machine has a i-in. collet capacity, 
u 5^-in. swing over the cross slide, and 18-in. center distance. The independent variable-speed motor 
on the carriage provides a drive for infinitely variable carriage and cross-slide feeds. The control box 
is mounted on the right end of the bed. This drive reserves the gear box and lead screw for precision 
threading 27 threads from 11 to lOB per inch. One-piece hardened steel ways are used. 

lathes by driving the feed rod from the spindle through a short belt 
on the step-cone pulleys, Figs. 3 and 17, or through change gears con¬ 
necting the step-cone-pullcy shafts, also shown in Fig. 3, or through 
quick-change gears built into the machine, as shown in Figs. 6 and 10. 
Two manufacturers use a lead screw keywayed its whole length to 
serve as lead screw and feed rod combined, Figs. 1 and 4. For accu¬ 
rate thread cutting, the non-rotating half nuts on the carriage apron 
engage, the rotating lead screw and drive the tool positively, but for 
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general work, such as turning and boring, the key way ed shaft drives 
the carriage through friction clutches in the apron (sec Figs. 13 and 
14). Most other lathes, Figs. 2, 6, 10, and 16, have a lead screw for 
accurate thread cutting, and an independently driven keywayed feed 
rod to provide the frictional feeds to the carriage for general cutting. 



Fio. 3. Flathfir 21-iii. Swing Scrcw-Cutling Lathe (before 18!)K). 

Ten japindb Hpewls avaihihlcD from the fiVB-ste|)-cun(‘ imlley .-ind slnKle back jajear. Thu spindle drives 
the stud shaft curryiiiK the stmill three-step pulley. This stud shaft iiiuy drive the feed rnj by belt 
tu the larger three-step pulley for turning, or drive the leail serewby standard change gears 

siuretl on the swinging table underneath the bwl, through the large idler gear, when positive feeds are 
reciuircd, such us for thread rutting. The lead sr.rew (trip) rurnishes a positive drive to the carriage, 
of threads per inch while the feed rod drives through a friction dutch, a train of guars in the carriage 
apron, which engages the rack shown underneath the upper eclge of the bed to give the tool feed in 
inches per revulutiun of the spindle. 


The lead screw drives the carriage by engaging two half nuts attached 
to the carriage. Two clutches are provided to engage the feed rod: 
one to drive the carriage longitudinally by means of the carriage rack 
gear, Fig. 14, which engages the rack on the bed. Fig. 12, and the 
second to drive the cross-feed gear which rotates the cross-slide feed 
screw. 

Engine lathes may be classified into four principal groups in accord¬ 
ance with the method of furnishing power to the work (speeds) and 
tool (feeds), as follows: 
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(a) Step-con 0 -pul ley drive with single or double bark gears to provide various 
speeds of the work, and loose change gears to provide various accurate feeds for 
the carriage and cross slide as illustrated in Fig. 3. In such old machines, for 
general cutting, power feed is transmitted by belt from the stud to the feed-shaft 
pulh^vs. 

(t>) Step-cone-pulley drive as in (a) to furnish speeds, and semi- or quick- 
change gears to provide feeds. Semiquick-change gears, Fig. 4, provide only a 
limited range of feeds from the gearbox for each setup of loose gears. Extra gears 
ar[' neeilcd for additional feeds. Figure 2 shows fully built-in qiiick-chiinge gears 
controlled by two levers. 

(r) Single-pulley, constant-speed, or geared-head drive for selective speeds and 
quick-change gears for feeds, Figs. 6 and 10. 

id) Class (c) arranged for constant-speed motor drive. 

(r) Class (r) arranged for limited adjustable-speed direct-current motor drive. 

(/) Class (c) arranged for any speed in infinitesimal steps over a wiile range, 
as with the Ward-Leonard drive consisting of a motor generator with fir Id exciter 
to control the field and rotor voltage of the driving d-c motor, Fig. 11. 

iff) (Same as (/). exiiept the d-c motor voltage is controlled Viy tiansformers 
and by electronic tubes, etc., Fig. 18, instead of the motor generator. Fig. 17. 

ill) Infinitesinial-speed-variation drive directly to the spindle, Fig 18. 

For the class (a) lathes, a countershaft is necessary, Fig. 4, which 
carries at least two clutch pulleys and a step-cone pulley matching 
that on the lathe. The two clutcli pulleys are driven from a main 
drive shaft, one with an open belt for forward speeds, and the other 
with a crossed belt for reverse speeds. Where reve^rse speeds arc 
not needed, the second clutch pulley can be driven by an ttpen belt 
from a larger pulley on the main drive shaft, thereby doubling the 
range of speeds of the machine. With the clutch of tlie open-belt 
])ulley on the countershaft engaged, various sjiindle speeds are obtained 
by shifting the belt from one step to another. With the back gears, 
Fig. 5, disengaged and the cone pulley attached to the large gear on 
the spindle by the lockpin, the cone pulley drives the spindle directly. 
AVith liack gears engaged and the lockpin withdrawn from the cone 
pulley, the spindle is driven by the cone pulley, not directly but 
through the back gears, so that an erpial number but slower range of 
spindle speeds may be obtained. The cone pulley drives the 28-tooth 
gear, which in turn drives the 56-tooth gear and the backshaft. The 
24-tooth gear drives the 64-tooth gear, which is keyed to the spindle. 
In some more recent designs to make a self-contained unit, the 
countershaft and driving motor are mounted below the spindle in the 
cabinet leg as in Fig. 2. Multiple- or adjustable-speed motors may be 
used in such cases. 

The single-pulley drive or geared-head lathe, class (c), is so arranged 
that eight or more spindle speeds are obtained readily through the 
various speed gears. This type of machine is equipped with quick- 
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i^hangc gears for power feed to the rarriage. Geared-head lathes may 
be driven from a line shaft by belt or arranged for direct mot/or drive, 
class id). The mot-or may be mounted in the cabinet leg under the 
spindle, Fig. 10, on the rear of the leg, Fig. 11, or on the top of the 




Courtesy iSoulh Bend Lathe a’nrfcN. 

Fig. 4. Line Diagram of the Countershaft Driven South Bend Engine Lathe; 

Size Is A X B. 

Showing inethodH uf dcHignating thp sixe of lathes and the arranKeiiient of the two-speed, or forward 
and reverse, countershaft driving to the foiii^Htep-cone pulley which is siipplBinented with back gears. 
The lead screw feeding the carriage is driven, for thread cutting and general work, through the quick- 
change gears. The lathe is started, reversed, or stopped by engaging the clutches on the countershaft, 
by the clutch lever. 


head, using a short flat belt, a multiple V belt, a silent chain, or direct 
gear drive. A flanged motor mounting is shown in Fig. 16, in which 
the motor shaft is coupled directly to the drive shaft. Where speed 
increments smaller than those permitted by speed gears ot steps on 
the cone pulley are required, the power may be transmitted through 
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variable-speed transmissions of the mechanical type, Fig. III-8, the 
hydraulic motor, or the d-c motor. Figs. 11, 17, and 18. 

Vertical lathes require less floor space and add to the convenience of 
chucking heavy work on a horizontal table, the table itself serving as 



Caurleay Tht Atlas Ptbsb {Jo. 


Fig. 5. A Plan View, with Covers Removed, of the Driving Mechanism of the 
Atlas 10-in. Lathe Headstnrk, Showing the 'Spindle Pulley and Back Gears, the 
Backshaft, and the Two-Step Motor Pulley. 

A foiir-Btep pulley and .12-T sear rotate freely as a unit pn the spindle. With back Ksare in, 4 spindle 
speeds are available for each step uf the motor pulley. With back Ksara out, 4 additional speeds ara 
available, and with the twu-diameter motor pulley, 16 speeds in all are available. When the back 
Rears are engaged, the large 04-T gear which is keyed to the spindle is disconnected from the spindle 
pulley by the lockpin. When the back gean are disengaged, the lockpin engages the large gear with 
the spindle pulley for direct drive to the spindle. The back-gear ratio is X ^^4 * Mn. 

a chuck. A vertical turret lathe. Fig. XI-8, having a turret on a verti¬ 
cal ram and a four-way turret on a horizontal ram, is used for job- 
shop and sinall-lot production work. The vertical turning and boring 
mill having two rams, Fig. 19, is made in large sizes for turning, 
facing, and boring large castings and forgings. These machines are 
discussed further under turret lathes, Chap. XI. 







Courtesy Monarch Machine Tool Co. 

Fio. 6. The Series 60 Monarch Toolmakers Lathe Provided with Universal Reliev¬ 
ing Attachment. 

The upiverani jointe in the rlrive provide emooth positive operation of the relief cam at all anRular 
positions of the compound rest. This lathe is available in 14-, 10-, IS-, and 20-iu. swinRs with any 
desired center distance. 



Courtesy Monarch Machine Tool Co. 


Fio. 7. A Plan View of the Headstock of the Series 60 Monarch Engine Lathe 
with the Cover Removed. 

Hardened and ground alloy steel shafts and helical gears are used. The spindle and intermediate 
shaft have center bearing supporta. With gears in constant mesh, speed changes are made by sliding 
jaw olutehea. Combined pump and splosh lubrication to bearings and gears ia provided. 

36 
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There are many adaptations of the engine lathe for repetitive work 
or mass production, such as the car-wheel lathes, designed purposely 
for turning railroad car wheels, in which the tools t)perate from both 
ends of the lathe and the work is driven from the center; crankshaft 



Fiq. 8. A Phantom View of the Model C Lathe, Showing All Hardened Members 
such jus Shafts, Clears, Lead and Feed Screws, and Bearings. 


lathes for turning various types of single- nr multiple-throw crank¬ 
shafts; camshaft lathes; pulley lathes; turret lathes; toolslide lathes; 
automatic chucking lathes; and automatic screw machines, discussed 
in following chapters. Electric, hydraulic, and pneumatic devices are 
also provided on engine lathes, so that master templates or components 
can be duplicated automatically. 

THE SIZE OF A LATHE 

The size of screw-cutting, engine, and toolroom lathes is designated 
usually by the swing and distance between centers. The swing is 
the nominal diameter in inches of work it will swing over the bed or 
wings of the carriage. The maximum swing is 2^/2 in. larger, as 
illustrated by A in Fig. 4. The distance between centers is the length 
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of a jiicpc wliieli ran be supported between centers with the tailstock 
flush with the end of the bed, as indicated by B. Sonietimes the over¬ 
all length, r, of the bed of the lathe is given, but lathes having the 
same length of bed may vary in center-to-center capacity. A 14-in. 



Couriftmy Monarch hfachint Tool Co. 


Fio. 9. Line Diagram through tlie Monarch Type C Toolroom Lathe, Showing All 
Bearings, (ieai'H, ami (JluteheH to Drive the Spindle, Lead Serew, Ftied Hod, (yarriage, 

and Cross Slide. 


lathe has a nominal swing of 14 in. diain. over the bed ways, and it 
will swing a cylindrical bar about 30 in. long between centers, and 
9 in. diain. over the carriage cross slide. Lathes are made in all sizes 
up to 72-in.-diam. swing by any center distance desired. 

GEOMETRICAL PROGRESSION OF SPEEDS 

It is general practice to vary the speeds of machine-tool drives in 
geometrical progression, each speed being obtained from the preceding 
one by multiplying by a constant called the constant ratio r, so that 
the several spindle speeds, revolutions per minute, are; b; br; br^\ 
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br®; . . . ; br”“‘ = a. The value of b is the lowest speed in the 
formula for geometrical progression, a is the highest, and n is the num¬ 
ber of speeds; then 

r = 

Most modern lathes are built with geared heads providing 8,12,16, or 
24 speeds, with values of r of about 1.58, 1.36, 1.26, and 1.12, respcc- 



Courlesy American Tpol \f'ork& Co. 


Fig. 10. An End View uf the Pacemaker Lathe with the J^our Open, in Which the 
Motor Mounted under the Headstock Drives to the Constant-Speed Driving Sheave 

by Multiple V-Beltji. 

The ilriviiiK chiteh and brake are juet back uf the driving sheave. The epiiidlc ehuwn ae tubular 
shaft is driven by the sliding clutches and gears in the headstuck. The small gears drive from the 
spindle to thE; feeil gearbox. The miter gears are part of the linkage ountrolled from the front of the 
lathe to uperato the driving clutch to stop and start the spindle. 

lively. Levers are provided to shift clutches or gears. One shift may 
change from one speed to another, by the ratio r, or another may intro¬ 
duce the bark gears (built into the gear drive) and change speeds by the 
back-gear ratio, such as r*, r*-, to give the low series of speeds while 

direct drive gives the high series. The arrangement of gears, shafts, 
and clutches in the geared head of the Monarch lathe, series 60, is 
shown in Fig. 7. 

Feeds: Most screw-cutting lathes will cut many differently pitched 
screw threads, such as 36, ranging from to 80 per in. Tlie feed rod 
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Cowteay American Tool Works Co. 


Fio. 11. The Platfnrni Mounting for Motors too Large For the Cabinet Leg. 

The motor ehown ie for d-c current supplied from a motor Ksnerator, from a Ward Leonard motor 
Keneratur and field exciter unit, or from the electronic control panel. The last two drives Rive a 100 to 
1 speed variation in infinitesimal steps. The motor mounting base serves as a cutting-fluid tank; 
the fluid is circulated by the centrifugal pump driven by the small vertically mounted motor in the 
foreground. 



Courteay American Tool Works Co. 

Fig. 12. A Sectional Drawing of the Pacemaker Lathe Bed, Carriage, and Com¬ 
pound Rest. 

This shows the cross slide carrying the compound rest, on which the tool is mounted in a single- 
serew tool post with a rocker base. The feed screws for the compound rest and cross slide are indicated. 
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provides turning feeds equal to the above reduced in value from one- 
half to one-tenth. For,a one-tenth reduction, the above threads would 
give 36 turning feeds from 15 to 800 rev of the work per in. of tool 
travel or 0.0666-0.00125 in. feed per rev. The power cross-feeds often 
are equivalent U) the turning feeds. For cutting metric screw threads 
on a lathe with a lead screw having threads jier inch, the change gears 



CourloBy American Tool Worke Co. 


Fin. 13. Front View of tlie Apron of tin* Pacemaker Engine Lathe. 

A Hectiun through the lungituiliiml feed eliiteh in ehowu below. 



CouTleaii Amerinan Tool Works Co. 


Fig. 14. A Rear View of the Apron of the Pacemaker Lathe. 

should include one set of gears having 50 teeth in the driver and 127 
in the driven. 

Figure 10 shows how the lead screw and feed rod are driven by a 
train of gears from the spindle. Various feeds (or threads per inch) 
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are obtained by shifting the built-in gears by the levers as indicated 
by the table on each machine. In general, to determine the train of 
gears n/N from the stud to the screw, if the lathe is simple geared 
and the stud runs at the same speed as the spindle, select the screw 
gear (N teeth), multiply by the threads per inch on the lead screw, 
L, and divide by the threads per inch to be cut, C. This gives the 
gear (n teeth) on the stud. Then 


n=:'L^orJ=^. Ifis6andCis8, 


L ^6 ^3 12 

C 8 4 ^ 12 48 ■ 


Illustrations are given in Figs. 8 and 9 of the speed gears in the 
head of the Monarch type C lathe and the feed-gear drive frotr the 
spindle to the stud, from the stud to the feed box, to the lead screw or 
feed rod, and to the carriage and cross slide. 

Figures 10-15 inclusive show various features of the American Tool 
Works Company Pacemaker lathe. In Fig. 10 the cover is opened 
to show the multiple V-belt drive from the motor in the cabinet leg 



Fiq. 15. The Taper Attachment Mounted on the Rear of the Carriage of the 

Pacemaker Lathe. 

This is of the canifiKe type with telescopic croiie-feeU screw control. It is bolted to and travels with 
the carriage. For use the clamp at the left is bound to the bed by two heavy bolts. When not in use, 
it slides along the bed with the carriage. 


to the constant-speed pulley. The tube to the right of the pulley is 
the rear end of the spindle from which the stud gear and the feed gears 
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are driven. Figure 11 shows the rear of the headstock of the Pace¬ 
maker lathe when the driving motor, such as the d-c motor shown, 
is too large to he mounted in the headstock. The space under the 
motor is used as a cutting fluid reservoir. The cutting fluid pump 
is of the centrifugal type driven hy the vertically mounted motor. 
This motHir may be driven by direct current for limited speed control 
or by direct current from a motor-generator set or electronic tubes 



Cowiz^y Monarch Machint Tool Co. 


Fig. 16. The Monarch 10-in. X 20-in. Model EE Precision Toolmakers Lathe for 
Bridling the Gap between the Bench Precision Lathes and the Conventional Floor- 
Type Toolmakers Lathe. 

Thifl lathe h driven by a .'Mip d-e irmtur with 100 tu 1 infinite HpE)ed variatiun fruin the Ward Leonard 
drive, Kiving HpEfeiiH fruiii 40 tu 4,000 rpiii. it will cut BO pitches uf threads from 3 tu 184 or fiMxls from 
0.0005 to 0.01 n in. 

for wider s[)ecd variety. A section through the carriage illustrating 
the cross-feed screw is shown in Fig. 12. The front of the apron and 
a rear view are shown in Figs. 13 and 14, respectively, while the taper 
attachment mounted on the rear of the carriage is shown in Fig. 15. 

Figure 16 shows the small Monarch toolroom lathe w'hich is now 
equipped with electronic drive. The d-c motor in the base under the 
headstock, Fig. 17, drives the spindle by two V belts. The electronic 
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cuntrola are mounted on a slide under the tailstock, Fig. 18, so they 
can be removed conveniently from the bed casting for maintenance. 



Fig. 17. An End View uf the Model JCIC Precision Lathe, Showing the d-c Driving 
Motor, the 1 to G Gear Reducer, and Driving Sheave, Which Drives the Spindle 
Directly through the Two V-Belts. 

The. Wnrrl I.«iinHrii varinblp-vnltaRR Rnntrnl unit RiviiiK IDO to I HpBed ratio in infinitCMimal steps is 
back of the il-c motor. The reduction Rear furnishes a low speed range from 6.5 to 650 rpm, and the 
open belt gives an iiiAnite number uf speeds from 40 to 4,000 rpm. The drive to the fiuick-change gear- 
bux for fee(U) is through an endless belt from the spindle. A gear train is reserved only for threading to 
give a direct drive from the .spindle to the feed box through gears nut shown. 


ATTACHMENTS AND ACCESSORIES 

The modern engine lathe is almost universal in that a wide variety 
of cutting operations, such a.s turning, facing, drilling, boring, ream¬ 
ing, and threading, can he performed with it. The work may be sup¬ 
ported and driven in any one of several ways as follows: 

1. SuppoiLed between cenleijs and driven from a driving plate by a clamp or 
dog, Fig. 20. 

2. Held on a mfindrel, in turn .supiiorted between eenlers and driven by a 
dog. Fig. 21. 

3. Supported on the tiiilHlork eenler but held in and driven by a chuck on the 
spindle. 
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4. Hrlii to the Riid of thr spindlr by a rliurk, Fig. 23. or faceplatfi. Fig. 22. 

5. Exlendinf^ through thr ispindle and hold in collets or spring chucks in the 
end of the spindle, Figs. 24 and 30. 

6. Held in a chuck or collet and supported near the outer end in a steady rest. 
Fig. 23. 



CuuTteay Monarch Machine Tool Co. 


Fig. 18. The IClectronic Transformers, 16-amp Xenoii-Pilled Tubes, Resistors, 
and Capacitors Housed in the Tailstock End of the Bed, Where the Ward Leonard 
Motor-Cenerator Set of Fig. 17 Is Normally Stored. 

Sometimes when work held in a chuck or clamped to a faceplate is 
rotated, a drill, reamer, etc., is supported in tlie tailstock and fed into 
the work by the tailstock screw, Y'lg. 25. As the tool is kept from 
rotating in the tailstock only by friction, large drills, reamers, taps, 
etc., should be clamped mechanically and prevented from turning. 

Standard Equipment 

Standard equipment for the engine lathe consists usually of addi¬ 
tional separate parts, such as a countershaft if needed, a driving or 
small faceplate, a large faceplate, a steady rest, a follow rest, two 
centers, and necessary wrenches. 

The steady rest, w^hen clamped on the ways of the bed, furnishes a 
three-point bearing or rigid support for long bars. The follow rest, 
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usually mounlpd on the carriage, furnishes a two-point support against 
the work opposite the rutting tool to resist the cutting pressure of the 
tool on long or ainall-diameter bars. The use of the small faceplate 
is shown in Fig. 20 and the large faceplate in Fig. 22. For most 



Fio. 19. Culburn Vrrtipal Heavy-Duty Horiiig and Turning Mill. 

By thp DBw three-lever cantrol at each side nf the machmi:, the feed and rapid travene uf buth awivol 
heada and raina are ubtiiined. MaeliiimH are built in six sixen having tiihle diameters [rum 40 to B2 
in. The constant-Rpeed direet-connected driving motor, 10 bp for the 40-in. inaehine and 2.*) hp for 
the B2-in. marhine, la attarhi'd to the machine base at the rear. Twelve spued changes and twelve 
feed chaniteB from Mh in. to 1 ipr of the table, earh in aeoinetrir proKreasinn, are obtainable. The 
power rapid traverse and rad-elevatinf; motor la mounted iin the tup uf the liuiisinK- By power rapid 
traveme the heads and rams may be moved approximately 12 fpin horizontally, vertirolly, and in 
angular dirertions. Stub-tooth steel gearinK, positive rlutrhes, and ball bearings are used throughout 
the driving unit. 

engine-lathe work, the compound or swiveling-tonl-post rest, Figs. 
2 and 12, is desirable. A plain or nonswiveling ty))c of rest is lower 
and more rigid for heavy work. An open-side toolholdcr, Fig. 11, 
or studs and straps, Fig. 3, are used on large lathes or for heavy work. 

Micrometer length feed stops are usually- provided on toolroom 
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Courtwy South Beni Latho Warke, 


Fin. 20. ThmadiiiK a Long Slander Shaft Mountied on Centers and Driven by a 
Dog (damped to the Work and Engaging the Driving Plate. 

A follijw mist attanhiMl tu the carriage tsuppnrts the shaft hack of the tool. The steady rest attached 
tci the bed furnishes a three-puiiit support to prevent deflection of the shaft. 



Fig. 21. The Setup of a Part Pressed on a Mandrel Which is Supported between 
Centers and Driven by a Dog and Driving Plate. 

A forged tool is shown turning the taper in a Pratt and Whitney IB in. X 30 in. Model C tonlroom 
lathe. The taper attachment is shown mounted on the mar uf the narriaae. 
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lathes. This self-contained unit, Fig. 31, is clamped to the front V 
to the left of the carriage. A protruding stem with a micrometer 
adjustment is set to stop the carriage in any desired position as it is 
fed toward the spindle. Power feed is disengaged just before contact 
with the stop, and the carriage fed by hand to the stop. Figure 
16 shows a light toolroom lathe provided with a multinotch stop bar 
attached to the head. A micrometer head is located on the right end. 



Fio. 22. Bnririg uii Eiu'.entrir. Hole in 
Work Clamped to a Large Faceplate. 

Thp work is nlumperl (scBimtrically. Thh is a 
BO 04 I exampli! fur usine; toulmakRrH' huttuns. 


FitJ. 23. Cutting an Internal Screw 
Thread in Work Clamped in a Chuck 
but Sup|)ortnd at Ihe Outer End in a 
Steady Rest Mounted on the Lathe 
Bed. 


On lathes used for turning a number of shaft.? of several diameters, 
several screws mounted in one turret head may be attached to the 
carriage, so that each .screw in turn engages the feed-stop bar for 
each lengtii turned. In this way tlie length of each diameter on the 
several shafts ran be diijilicated. Single or turret-type stops are 
frequently api)lied to the cros.s slide, so that several diameters can 
be turned accurately in sefiuence. Figure 6 shows another means of 
disengaging the feed when the carriage has traveled to a limiting 
position at the right or left. A small sliding clamp attached to a 
bar shown just above the lead screw causes the bar to be forced into 
or out of the gearbox to disengage the feed when forced by the carriage. 

Additional accessories needed to complete the lathe equipment for 
general work are the driving dogs and chucks. 

Chucking Equipment 

The chucking of work to be machined has resulted in the'embodi¬ 
ment in chucking devices of four distinct systems of power actuation. 
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Fig. 24. The Sjogrcm Collet Chuck Its All acheil to the Stanilanl Camluck 

or Tapered Hpindle of the Axelsoii Toolroom Lathe. 

The collet, nl a wide raiitse of fur ruunil, Hijuure, or hexaiconal haretnck, tlKlitenn ami relmiHeM the 
urip by turning the plaxtic haudwheel. This is a convenient device fur niachiniuK small parts fruiii 
bar stack in an enKine Lathe. 



Fig. 25. A Drill Chuck Carrying a Combined Drill and Countersink. 

The chuck inuunted on a taper shank is siippiirtuU in the tailstock. The work tu be center drilled 
is rotated in the chuck or collet. 
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(a) Mechanical power as effected by rotating screws, Fig. 26; gears, Fig. 27; 
screw and wedge, Fig. 30; and eccentrics and cams as used in the wrenchless 
chuck, Fig. XI-17. 

(b) Magnetic power, the device being in effect an electromagnet. Fig. XV-32. 

(c) Hydraulic power, in which the clamping medium is operated by hydraulic 
pressure. 

id) Pneumatic power, in which compressed air is used, Fig. XI-IS. 



Courleay Skinner Chuck Co. 


Courleey Skinner Chuck Co. 


Fig. 26 . A Sectional View of a Four- 
Jaw Independent Lathe Chuck with Four 
Reversible Jaws. 

The jaw screw and the jaw are shown sepa¬ 
rately. The screw is prevented from inoviiiK 
radially by the slottod-pin bearing. As the screw 
is turned, the jaw moves radially, each of the 
four jaws being moved independently of the others. 
To reverse the jaws, run them out of the chuck 
at the periphery, reverse ends, and run on again. 


Fio. 27. A Three-Jaw Universal 
“Geared Scroll" Chuck. 

Showing in a phantom view how the 
application of a wrench to the pinion gear 
which is enmeshed with the gear on the 
underside of the ecroll plate gives a radial 
movement to the jaws. The three jaws 
moving together and having a common 
center at all times give the chuck the name 
universal. The use of the scroll plate 
further designates it as a universal scroll 
chuck. This chuck may be furnished with 
two sets of jaws, one for internal and one 
for external work, or with two-pieoe re¬ 
versible jaws as required. 


The mt^rhanical types are generally used in connection with the 
engine lathe. 

When numerous parts are to be machined, production turning 
machines arc used wliich are oftf?n equipped with chucks actuated by 
cams, such as the wrenchless chucks, or with chucks actuated by 
hydraulic, pneumatic, or electric power, described and illustrated in 
connection with turret lathes and screw machines. The magnetic chuck 
is used principally in holding ferrous metals for grinding operations. 

The toolroom lathe required for a wide diversity of accurate work 
is usually provided with a taper attachment. Fig. 15; relieving attach¬ 
ment, Fig 6; draw-in bar with collets, Fig. 30; thread dial, Fig. 13; 
micrometer feed stop; oil and chip pan; oil pump, etc. 
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The draw-in attachment, gshown in Fig. 30, is assembled in the 
spindle of the lathe to adapt the lathe for bar-stock work. The spring 
chucks may be purchased for round, square, hexagonal, or rectangular 
shaped bars, and in almost any size within the capacity of the draw-in 
bar. A self-contained collet-type chuck, which is adapted to the 
spindle nose like other lathe chucks, may be used on engine lathes to 



Courltsy Skinner Chuck Co. Courteiiy Skinner Chuck Co. 


Fig. 28. A Three-Jaw Universal 
“Geared Serew” Chuck J^quipped witii 
Two-Piece Reversible Jaws. 

The jaws have a oommon center at all times. 
The name is derived from the fact that the jaws 
are tiprrated by a coiiibinulion Hcrew and Rcar. 


Fig. 29. A Four-Jaw (combination 
“Geared Scroll" Chuck. 

Each jaw may be operated independently, or 
a univereal action of all jawe in obtainiMl when 
applying the wrench to the ecroll pinion. 


fit them for small-quantity production work as illustrated in Figs. 
24 and XI-19. 

Tapers may be turned on a lathe by three different methnds, such 
as using the taper attachment, offsetting the tailstock, or using the 
compound tool rest set at an angle. Only slight tapers may be turned 
by offsetting the tailstock of the lathe. This does, however, permit 
the turning of long tapers. Short tapers of almost any pitch may be 
turned by setting the compound tool rest at the projier angle and hand¬ 
feeding the tool, using the screw of the compound rest. 

A taper-turning attachment. Fig. 15, usually purchased as an extra, 
is considered a necessary part of a toolroom lathe for the turning of ac¬ 
curate tapers. Some taper attachments are securely bolted to the rear 
of the lathe bed; others attached to the rear of the earriage. 

A relieving attachment, Fig. 6, is a device attached to toolroom 
lathes to control the motion of the tool to provide clearances or relief 
to the cutting edges of dies, taps, hobs, formed milling cutters, etc. 
The tool-post slide is reciprocated by a shaft driven from the head- 
stock. Lathes may be equipped with a sublieadstock which provides 
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11 reduction in speed of the work, inasniueh as relieving operations 
sliould be carried on at iiiueh blo\>er speeds than regular turning, in 
order to give the reeiproeating toolslide time to function properly. . 






CouTiwy The Hmdvy Machine Co. 


Fig. 30. Draw-in Attachment anil Set of Spring Chucki* for the lleiidey Lathe. 

This spt [‘iiiiHiHia ijf 11 [lravv-in sli*pi t*. thi* flohcr, the spt of s))iinK i hiii-ks nr rnllpts, and thp rlnspr 
kniirkiiiit irnl. ThuHti arc* shown ussBiiihlpil in thi> spiiiillp in 1 <ik 12 

The centers between whieh work is supported, furnished iis stand¬ 
ard ef|uii)nient, are usually of solid, harilened tool steel, ground to an 
included tool angle of 60 deg. The center in the headstock rotates 
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Courtwy The AtbIhdti Mfg Ca. 


Fig. 31. The Micrometer riirriage Stop Clam])ed to the Front Bed Way in Any 
Desired Position to Insure the Stoppage of the (/arriage for Repeatedly Turning to 
Any Desired Length. 

Thp dial road'i in thuuHandtIis of an inch, and the <4tup ih dasigned to uperato on either ^ide of the 
apron. 

with the work. The eenter in the tailstock, however, is stationary 
while the work rotates, and, as a result, should he lubricated with a 
paste such as powdered lead oxide and marliine oil. To eliminate 
the rapid wear or burning of steel tail.'«toek centers when high rotating 
speeds arc used, as with sintered carbide tools or free-cutting stock, 












CHUCKING EQUIPMENT 


53 


current practice is to tip tlie point of the centers with Stellite or 
sintered carbide, or to rephice the solid centers with the so-called 
“live” or antifriction bearing centers, Fig 32. These bearings are 
made in a vari(?ty of designs in which ball or roller bearings are 
used. 

Where close tolerance on concentricity of internal and external sur¬ 
faces of work is required, the bore is generally finished first and the 
work then forced on a mandrel which is supjrorted between centers 
and driven by a dog from the driving plate. The external surfaces 
are finished with the work rotating on the true center of the bt^re. 
Plain mandrels are made in standard nominal sizes friun ^4 fo 
4 in. diam. of surface-hardened and grountl steel in cylindrical forms 
with lapped centers and relieved flats for driving on each end. They 



Fir,. 32. Tho “ IIimI-E “ New Departure Ball-Hearing Tailstoek Center. 

have a taper of al)f)ut 0.010 in. per ft, the small end being slightly 
under basic size. Basic size is at a distance from the small end equal 
to the diameter of the mandrel. The size is markeil on the large end. 
The mandrel forced into the bore creates sufficient friction to tlrive the 
work under cut. There are several types of ex|)anding mandrels on 
the market. Each mandrel gives a wider range in .size, so that fewer 
are required for general work. 

During the i)ast year an ASA Standard of accuracy for toolroom 
lathes and engine lathes has l)een apj)roved. The standarrl was initi¬ 
ated during the war by the lathe manufacturers. Engine lathes arc 
divided into three sizes, from 12 to 18 in., 20 to 32 in., and 40 to 72 in., 
inclusive. The tolerances cover the bed level in transverse and longi¬ 
tudinal distance with rearlings on a jjrecision level within 0.0005 in. in 
12 in. Other Standards call for tailstork way alignment, spindle 
center run out to be within 0.0004 in. dial indicator reading, spindle 
nose run out to be within 0.0003 in. as is the cam action of the 
s[)indle, spindle taper run out, and headstock alignment with the 
center. The lathe inu.st turn round with work mounted in chuck 
within 0.0003 in. diam. It must turn cylindrical with work mounted 
in chuck to 0.0008 in. 12 in. from the chuck, and it must turn cylin- 
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rlrical with the work mounted between centers to within 0.0004 in. at 
each end. Other features and dimensions are held within these general 
limits. 

QUESTIONS 

1. What is thn principal differRnce between a speed lathe and an engine lathe? 

2. What i.s inranL by a ste])-eone pulley, and fnr what purpose is it used? 

3. What are back gears and for what purposevs are they used? 

4. Explain the ])iith by which power is transmitted from the belt to the spindle 
when back gears are engaged. 

5. What is meant Ijy loose feed-change gears? 

6. What is meant by (|ui(;k-change gears? 

7. In general, what is the use of tlu' lead screw and the feed rod? 

B. Name three ways by which a taper may be c;ut in an engine lathe, and 
stati* the advantages of each. 

9. How may bars, roils, or shafts be held in an engine lallu* while being 
machined? 

10. Name two prim-ijial types of chucks and stale why each is ilesiiable. 

11. How may castings, forgings, or other irregular shai)es be hi'ld in an engine 
lalhe while being machiiu'd? 

12. What is meant by cutting speeil in lalhe work? 

13. What is im'aiil by feed in lathe work? 

14. A cast-iion column for a bench drill jiress 2 VI* in. in iliarn. is being lurned 
on a countershafl-ilriven lathe from a main drive shaft, as follows; The speeil of 
the main ilrive shaft is 135 rprn; the diameter of the driving pulley on the 
main drive shaft is 16 in.; the l•ountershafl-driven pulley has a 12 in. diain.; 
the l■ountershllft cone pulley in use is 14 in. in diam. and rlrives to the lathe 
s))indle-coni’ pulley 10 in. in iliam. The bai'k gears are not in use. 

(rr) Draw a sketch to indicate tlii* shafts, pulley, and belts. 

(h) Compute the revolutions ]ier minute of the countershaft and lathe spindle. 

(f) Compute till' ri'volutions pei- niinuti' anil surface cutting speed of the woik. 

15. A lathe has 8 spindle speeds available through tin* geared head. These 
speeds are 13, 22, 36, 60. 110, 188, 315, and 525. The back-gear ratio is 8.72 to 1. 
What is the gi*ouietrical progression ratio between the different sjieeds? If the 
diameter of the w’ork being turned is 4 in., what is the cutting speed in feet per 
ininiite for each speed of revolution? 

16. The King vertical turret lathe in Fig. 19 has 12 speed changes ranging from 
4 to 120 in geometrical progression. Determine the geometrical-progression fac¬ 
tor and also determinn the 10 intermediate speeds. 

17. A lathe cuts 36 different threads with the lead screw, which range from 
m to 80 per in. With the feed rod, 36 power feeds, equivalent to 6-320 threads 
per in., are available. Determine the ratio between the thread and feed-rod 
values of feed. What are the miniinum anil maximum values of power feed in 
inches per revolution of the spindle? 
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Chapter iii 

SHAPERS 

The shaper as a machine tool was first developed to machine flat 
surfaces on small work. The tool is held in a toolholder supported 
on a clapper in the head at the end of a ram; see Fig. 1. The ram 
reciprocates, moving back and forth in a straight line, while the 
table carrying the vise and work feeds transversely on each return 
stroke. 

The clapper which carries the tool post is hinged near its top. On 
the cutting stroke the tool forces the clapper against its rigid seat in 
the head. On the return stroke, as the tool is dragged back over the 
work, it may swing outward about the clapper hinge, thereby relieving 
the cutting edge of excessive wear, danger of cliii)ping, and interfering 
with the work. 

Shai)ers have become increasingly useful in both small-lot and pro¬ 
duction manufacture through ini[)rovein(‘nts such as increased rugged¬ 
ness in design and constructiem, greater horsei)ower, higher speeds, 
automatic feeds easily selectc'd, and faster and more sensitive con¬ 
trols. They have been imjiroved in power ami speed to use sintered- 
carbide tools. Automatic tool lifting on the return stroke ()ften is 
provided to protect the cutting edge of the tool and the machined 
surface. Tool lifting is accomplished by electric solenoids, flexible- 
cable linkage, mechanically or liydraulically. Tool lifting is standard 
juactiee on some shapers. Rapid traverse of the table horizontally 
and vertically is more generally available. Automatic lubrication 
with filtered oil i)roterts all critical wearing i)oints, including the 
bearing of the a|)ron on the rail, the rail on the column, and the table 
on the table support. 

CLASSIFICATION OF SHAPERS 

As with engine lathes, shapers may be classified in a number of 
ways, depending upon general features of design or the purpose for 
which they are intended. 

1. They inny be horizontal, Fig. 1, or vertical, Fig. 6. The ram operates 
horizontally or verlically. 

2. They may be plain or utility shapers for general light work in which the 
forward end of the table is not supported; standard, heavy-duty, and production 
shapers in which the tables are rigidly supported on the forward end of the base. 
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as shown in Fig. 1; or universal simpers wliit-li have a table whirh may bp tilled 
Lo flit tapers or compiiund angles, Fig. 11. 

3. They may be driven l)y a step-rone pulley, with or wit lion I bark gears, 
Fig. 1; a constant-speed single pulley, Fig. 3; or a dirert-ronnertod individual 
motor, Fig. 4. 
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Gould and Eherhardl. 


Fin. 1. The Gould and Eberhardt Old-Type StRjj-ConB-Pulley Driven Shaper. 

This flhafiRr is arraiiKBfl with hinKlR-wnrew tool posli, hand-fL'Cil evvivelinK huail, HinKle-.sr.rpw MwivelinR 
vLhu, unit plain box tahlr. witli Hiippnrt. EiKbb Hpeetln of tho rum aru avuilabli! from the cuuutRrMliaft^ 
ilriviin foiir-Htep-nonB pulley with nIiikIr back nceiirs. 

To adjust the leneth of stroke, the rum is moved to the extreme rijeht pr)Bition ready to beRin the 
cutting .stroke. The siiuared shaft projcctinK friiiii the center of the machine is turned by a crank 
handle. This moves the sliding block in the bull gear fsee Fig. 3) to or from the center to give a stroke 
ill inches as read directly on the scale shown under the pointer on the ram. The knurled ball knob 
locks the slidiiig-hlock mechanism in jiosiliun. To get the stroke positiun, nr locate the tool with 
respect to the work, the ram still being in the extreme right pu.siliori, the handle nut on the tup eontor 
of the ram is rcloused, and the positioning shaft, located forward on the rain, is turned by the crank 
handle until the tool is about l-j in. from the work. The handle nut is then tightened, binding the 
ram to the upper end of the crunk. Sec I'ig. 2. 

Orws-lecds of the table are obtaineil by moving the feed eccentric nut from the center of the vertical 
oBrillatiiig screw located in front of the cone pulley. The feeils are engaged, reversed, or held in neutral 
by posiliuning the ratchet |iin on the lurge gear. The feed of the tablt* should occur during the back 
or noneutting stroke. The tabic may be feil to the right or left, and the feed eccentric nut is moved 
above or below the center of the vertical screw in order to seciirc the feed of the tabic on the reverse 
stroke. 


4. They may be driven me eh ani rally by means of a crank and roeker arm, 
Fig. 2, or hydraulically, Fig. 7. 

5. They may cut on the push or draw Htroke. 


Drives 

The st€p-cnnc pulley is driven by belt frnm a mating step-cone 
pulley on a countersliaft. The countershaft is in turn driven from a 
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main drive shaft, similar to a lathe installation, shown in Fig. II-4, 
except that but one clutch pulley is needed on the shaper countershaft, 
whereas that of the lathe has two to permit reverse speeds. The 
step-cunc-pulley type of drive is no longer made by the principal 
shaper manufacturers. It has been replaced by gearbox, Fig. 4, or 



Courivvy The Ohio Machine Tool Co. 


FiO. 2. A Sectional View of the Ohio Shaper, Showing the Oeiir Train ami Crank- 
Arm Driving MechaniHin anti the Aulmiiatic Luljricaling Syslein. 

The nmtur pngnKe^ the priniar^’^ drive nhiift tliniUKh a shurt-lielt drive. Thie nhaft in priivided with 
a niulti|dc-diNk adjiieiaide eluteh and brake for etartiiiK and etuppinK the inarhine. TilKht 

Bpeede are provided from the nun.<4tant-Hpced motor through 9|UM;d geare of the Mtiib-tooth spur type, 
and bank and driving gears uf tlie helical type. Hand feed i.s provided to the swiveling head through 
the handwheel and eerew. The rail elevating ecrew' and the table crosB-feed ncrewe are shown in section. 
The stroke positioning shaft (I'ig. 11 moves the nut on the upper end of the crank along the ram hy 
means of the horisontal screw. This nut is clamped to the ram by the ram binding nut. The oil 
pump eirrulates filtered oil to all bearings. 


built-in gear drive, Fig. 3, fur obtaining various speeds. The single 
pulley may be driven by a belt, from a shaft, but most of the new 
shapers are arranged for direct motor drive. 

The individual-motor drive with [nish-button control is the best 
current practice and is most generally used; see Figs. 2 and 4. The 
motor is mounted on a bracket attached to the rear of the shaper 
bed, and transmits power to the drive shaft through a short flat 
belt, multiple V belt, cog belt, silent chain, or directly connected 
. ^ears. The short flat-belt drive, with a weighted idler pulley to 
maintain a tension of about 70 lb per in. width of belt, or the multiple 
V belt, is furnished as the most desirable standard equipment by a 
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niiiiilirr of inamifactui’crs. The belt in this ease serves as a buffer 
for slineks between the tool and motor. Tiie flanged nintor mounting, 
in which the motor sliaft is sjilined or coupled directly to the drive 



Courtesy The American Tool Works Co. 


Fia. 3. The Power Tra,iisniitjHion Usuil in the " Amerieuii ” Shaper. 

This HhowB how power is trafiBrnitted from the conetani-npeBd driviiiK pulley to thu ram, BUcceaaivBly, 
through a multiple-diak cliitcli, eeven apur gcare providing four npiuMl r.hangeft, helical back gaaiiB pro¬ 
viding two additional Bpeisd ratios, the; large bull gear, the adjustable crankpin in the bull gear, the 
sliding block in the crank arm, the crank arm to the rain through the hurieontal link at the top. The 
bull gear may have a total of eight different Npeeds. The crankpin, which Rts in the sliding block, ia 
held in the bull gear by dovetailed ways. As this craiikiiin is moved outward radially, the crank arm 
or lever, mounted on a fulcrum or pivot shaft at its lower end, swings through a greater angle, thereby 
increaaing the stroke of the ram. The sliding jilock slides in ways provided in the crank arm. 


shaft, is space saving and efficient. A mechanical variable-speed 
self-contained drive with constant-speed motor is shown in Fig. B. 


Stroke and Feed 

In horizontal shapers a chip is removed by the Uxil on each for¬ 
ward or cutting stroke of the ram and tool as the table on which the 
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work is held is fed transversely on the rail. The depth of the chip 
or depth of cut is the distance that the tool point is below the work 
surface, and the feed per stroke is equal to the movement of the 
table. The eccentric rod feed of the Gould and Eberhardt shaper, 
Fig. 4, is now replaced by a feed drum varying in eccentricity from 



Courlmu Gould and Eberhardt. 


Fm. 4. The Gould and Eberhardt 24-iii. Tiivinrible Shaper f[)r Heavy-Duty Work 
Arranged for Motor Drive. 

The leiiRth and poaiiLun of the stroke aro ubtaineil as deserihcil in V'iB. 1. The fncfl ecppntrip nut, 
when at the upper end of its striike, Rivw zeru foRd to tlie table, but inrreasps as displupud downward. 
Tin*. fiMMl is nerured on the rptiirn strukp of the ram, as the tabh* is fed to llie riKht or left, by pressinK 
the button shown above the stroke ndjustiuK shaft, to rotate the fi'ed cluteli ISO [iRjr. A larRe hand¬ 
wheel is provided on the speeil-Kear boN to turn the Kears for slight tool adjustment or to shift gears or 
engage the bnek guars. 

A sheet-metal guard attached to the frame beneath the rear end of the ram prntcpts the rum against 
posaiblu injury when extended to the rear, and itreveiits one from being injured by the reeiproeating rain. 

one end to the other und controlled as illustrated in Fig. 5. The speeds 
are seleck'd by two levers ,diown at the right. 

The head on the end of the ram, which carries the claiiper, tool post, 
and tool, may be fed, usually by hand, up or down, nr at an angle if 
the head is swiveled to a fixed position. In the horizontal shaper 
without extra attachiiients, flat surfaces which are horizontal, vertical, 
or inclined may lie cut. Irregular surfaces may be produced by 
combining the table feed with the head feed or by the use of formed 
tools. 
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In vertical shapers, the ram reciprocates vertically, and the work 
is usually supported on a rotating or swiveling table which, in turn, 
rests on a cross slide and carriage. The work may, therefore, be 
indexed or made to rotate while being machined, or be fed longi- 



Courlv'^'i/ (iuuld and Ebrrhardt. 


Fig. 5. The 16-iii. Flaiii Tfiolnioin Sh.'ijier with Single Sptkw Vise and Plain Table 
and Huill-iii Push-Hullon Cnntrnl. 

Thu machine built in .sizc-s fnuii 14 in. up tu ami inrliiiline .Hi in. SixtHRn hpbriIh leivinK 12 tii 200 
HtriikRf> |jL‘r minute are available with a nr ii-hp mutur. niKhleen feeiie frum 0.005 to O.OUO are 
available. 

A, Uradiiatei frictiunul dial; B, hurizuiitai hand-feerl cimtrul; C, feed cncaKinK lever, risht or 
left; D, table-elevating .spline; E, power rapid travermi lever; F, rlirect.-readinK feed dial; feed 
Bclpetnr; H, stroke length adjuHtiiiK ehaft and direct-reading struku index under cover; I, atroke 
pimitinniiig ecrew; J, Bpecd-.seli;eting Icvera. 

tudinally or transversely. The vertical shaper wdth standard equip¬ 
ment may do a greater variety of work than the plain horizontal 
shaper, although each has its place in manufacturing. 

The length and position of the stroke of the tool in both hori¬ 
zontal and vertical shapers may be varied to suit the job, as described 
in Fig. 1. The cutting spceil is usually cxjires.sed as strokes per min¬ 
ute of the ram. The average cutting speed in feet per minute is a 
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function of the strokes per minute and the length of stroke. The ran: 
has a slower forward or cutting speed than return speed, as shown ir 
Fig. 6. The drive, known as the Whitworth, provides a slower, more 
powerful cutting stroke and a faster return stroke to reduce oper¬ 
ating time. The time ratio of cutting to return stroke in Fig. 6 is 


FOKWAR) CUT TIN a SPEED 



Fiq. 6. Diagram of the Variable Throw Crank and Crank Arm, Showing the 
Velocity Diagram of (he Itam fur the Full Forward and Return Strokes. 

The averaKe forward speed ie less than the averaiie return stroke. A section through the eo- 
oentric feed cam mounted on the bull gear shaft is shown. 


220/140 = 1.57. The hydraulic shaper, Fig. 7, has a constant cutting 
and return si)ecd. 

The length of the stroke of a shaper tool is positive and may be 
set to terminate the cut close to a .shoulder. Horizontal shapers are 
made in sizes having maximuin strokes up to 36 in. in length. The 
Cincinnati heavy-duty 36-in. stroke, rapid-traverse shaper with a 
double screw vise has a 10- or 15-hp) a-c motor attached to the rear 
of the bed and drives the clutch pulley by V belts. This type of 
machine is made in 8 sizes from 16- to 36-in. stroke, with rapid 
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traversu to thii tabli*, automatic lubrication, internal transiniss^ion with 
gears of heat-treat«d AISl 3140 steel. Cam feeds and true reading 
dials provide for 11 feeds from 0.010 to 0.170 in. per stroke and 8 
speeds from 8 to 102 strokes j^er minute. The new Cincinnati utility 
shaper, having no knee support, in 16-in. and 20-in. stroke sizes can 



Fig. 7. Rfjukford Hy-Draulic Shaper. 

Made in two sizea, 24-in. and 32-iii. Htroki^i. A lO-kp niiitnr driven* an nil pump which iirovides 
iiiiiriinn RuttiiiK Hpecd and prcHHiircN throuKhoiit the feed stroke of 5,800 Ih when the cuttinK Rpeed ia 
rmni 0 tu (iQ fpiii with a ratio of c^iitiiiK tu return Hirukc uf 1 to 3.73, and 2,750 Ih when the cutting 
»<|jeed ia 0 tu 120 fpiii with a ratio uf cutting to return Htruke uf 1 to I.H. The ram Hpeedn remain 
cunNtant as aclected for all lengtha of Htruke. Any number of ram HtrokeR per minute up tu 150 are 
ubtainahle. Any feed actuated hydraulically up to O.IBO in. in instantly iibtaiiialile by adjuating a 
thimble. 


be equipped with a 3 or 5-hp motor. Cutting speeds of 250 fpm are 
possible on a 10-in. stroke, so that carbide tools may be used 
effectively. 

The 3V^-in.-stroke vertical shaper, Fig. B, can be converted quickly 
into a 7-in.-stroke horizontal shaper. There are a number of small 
light-duty bench-type shapers on the market having strokes of 
7-10 in., such as the Atlas and South Bend. Many milling machines 
have standard vertical attachments available to convert the rotary 
motion of the spindle into the reciprocation of a ram for slotting, 
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Courlenj/ 7 '/ib /ieeves Pulley Co. 


Fia. 8. TliK “ Rhuilns ” CniivKrtibk* 7-iii.-Slroke Huri/.tiiital Shaper or 33/<riii.- 
Stroke Vertical Slotter with Motor llcevcs-Pulley VariahhsSpecil Drive. 

Thia miichinE! is (Miiiipptid with n nitary table with indexing Httanhiiiiint mimntefl on a box knee or 
table which may be fed in and nut nr swiveled. The knee may be fed mechanically alonK the rail. In 
and nut, luncitudinul and rntary feeds are by hand. The rain pivuts up tu 10 doR from the vertical 
pusition as sliiiwn, indicattMl by a Rradiiuted Hoale, for die work. 

The machine im iiiaiiufactured was pnivided with a three-step-cone-pulley drive. The cone pulley 
has been replaced by the lurRe pulley fur short belt direet-inuLur drive with push-button control. A 
Reeves sinele-shaft vuriable-.Hpe<^ trailsmissifin which permits a minimum speed of one-third of the 
maxiiiiiim is built onto the shaft of a constant-speed motor. The inobor and variable-speed unit, 
mountetl on a slidiiiR bn.se, are attached to the rear of the column. The variablo-spocd unit consists 
of two opposed cones, the inner one fixed to the motor shaft, while the outer one is keyetl to permit 
loiiKitudinnl adjustment. A compressed coil spriiiR tends to keep the two opposed cones together. 
The beveled edges of the flat belt rest on the two cones. By lowering the motor on the sliding base 
by means of the handw’heel, the belt tension is increased, causing the two cones to be forced farther 
apart. The belt runs closer to the center of the motor axis, resulting in lowered peripheral belt speed. 
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cuLtiiig keys, etc. Vertical shapers are made usually with a shorter 
stroke capacity, ranging from 3 to 18 in. in length. 

The Betts (Consolidated Machine Tool Corp.) heavy-duty crank 
.slutter, quite like the Dill slutter shown in Fig. 10, is made in sizes 
from 6-in. to 36-iii. stroke. 

Features 

Heat-treated alloy steel is used almost exclusively for gears and 
shafts. Alultiple splines, antifriction bearings, helical gears, auto- 



Fig. 9 . A Silcni-ChaiLi-Link Die Heing Formed and Relieved on the Tilted, Rotary 
Table of the Haiisoii-Whituey Dii^-Sbai)ing Machine. 

Tlie kiiiH! is adjuHtubh? verLicnlly, and the Icnglh of stroke of tliii ram is variable. A set of slotting 
tools fur die work is shiiwii at tliii left. 

inatic lubrication with filtered oil, micrometer dials on feed screws, 
cams for iiroviding feeds, disk clutches, indicating dials for strokes 
per minute and length iif stroke, and feed per stroke in inches are some 
of the many recent improvements. 

Power rapid traverse to move the table carrying the work at a 
s^pecd inucli greater than the usual feed rate is a recent time-saving 
improvement. This permits the adjustment of the work under the 
■onl by push-button control of a separate high-torque motor built into 
the rail, but in some shapers the rapid traverse is controlled by a 
lever, Fig. 5. 
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111 centralized control, nil rimtrol levers, such as those for starting, 
stopping, braking, speed and feed ehanging, and feed engaging nr 
disengaging, arc placed at, or extended to, the working position of the 
operator. In many shapers all these levers are within a radius of 
12 in. In some instances, dual control for the table feed is provided 
in which the operator may control the feed of the table either from the 



Courtesy The Nazel Engineering and Machine Worha, 


Fig. 10. The Dill Slutter Having a lO-in.-inax. Stroke and a 24-iii.-diain. 

Rotating Table. 

Thn haluiiRiid vertical raui is actuated by an adjustable crank tu vary the length uf etruke. The 
puaitioii of till! ram may he ailiueted vcrticBlly, and quick return stroke ie provided. The clapper box 
carrying the tuul is mounted on the lower end of the vertical ram. The head carrying the ram in 
adjuatablc longitudinally. Tower is furnished through a cuiistant-upeed electric motor, driving through 
a gearbox, giving six changes of speed to the ram. A rotating table is mounted on the slide. Quick 
traverse and feeds are available longituiliiially and transversely. The tool may be fed intermittently 
as at the end of the nonoutting stroke, or continuously through the stroke, as deslied. 

right end of the rail or from the front of the table. Centralized control 
is particularly emphasized in new shapers. This saves the time and 
energy of the operator and results in great productivity of the machine. 

SHAPER EQUIPMENT AND ATTACHMENTS 

The usual standard equipment of a horizontal shaper consists of 
either a single-, Fig. 1, nr double-screw vise, table support, belt 
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guard for belt-driven iiiarhines, cinintershaftH for step-cone-pulley 
drive, and necessary wrenches. 

Usually a single-screw tool post, as illustrated in Fig. 1, is made 
optional to tool strajis. Fig. 10. The tool straps, as used more gen¬ 
erally on j)laners, are better for heavy work. 

Extra attachments, ^ucli a^ a countershaft fer single-pulley drive, 
if needed, j)ower rapid traverse to the table horizontally and the table 
and rails vertically, power down feed to the head, or power revolving 



Fid. 11. The Universal Table and Plain Vise as Used on the Hendey 16-in. to 2^in. 

Crank Khapers. 

Thf Mse IN inuuiitod nn a Hwivi’ling hluck, wlurh can bp up to 15 ipff either Ride of horuuntal. 
The lilurk in turn riioiinted on the table, which can bp rotated 300 de^ m a vertical plane with HettingB 
eaMly read on a Kraduated dial at the left end of the trunnion. Thin machine is alao provided with 
mechanical duwn-feod located just to thp rifrht of the head. 


feeil to the head, the universal revohdng table or the tilting-top tabic 
shown combined in Fig. 11, may be furnished at extra cost. Index 
centers for shaper work are also available. 

Holding clamps are necessary atljuncts to shaper work. A great 
deal of work done in horizontal or vertical shapers is held in a vise, 
flften, however, the most diffieult jiart of a shaper operation is clamping 
the work rigidly in the proper jiosition. See Figs. 9 and 12. 

In setting up work for shaj)ing, parallels and small screw jacks 
also are frequently helpful to elevate thin work held in a vise so the 
cutting tool can pass over the jaws, or to vsupport the work. Internal 
shaping such as rutting a key way in the bore of a gear is done by using 
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a toolholcler with a yO-deR-bend extension in the end of which is held a 
slnttinR cutter. 

Boom cranes may be attached to the shaper for handling heavy 
work. 



Cvwt^V The rinrinnati Shaper Co. 


Firj. 12. A Typiral (Josl-Irun ShiiiHT .Job. 

Tilt* viHt* hiia luTn reiiiiiveil anrl thp wiirk i.s rliiiii|M'il hy U .strapn Jirnrtly tri tin* tablp. Excessive 
uverliaiiK uf I'll!' Innl Ini uiiil hnjIliulilL'r is |irij\ iilril iii iirdrr that tlu* tuui pust may clear the clamps. 

QUESTIONS 

1. WliJil i.s iiip:inl by :i slpp-i'fini’ piillry ilrivr .sliJipnr? 

2. WliJil i.s nii'iiiil by ii lionzimbil- nr viMlii'jil-tyiu* simper? 

3. Wbiil is by ilrjilli nf ml in .shappr wnik? 

4. Wlnil m iiipjiiil by fi-pii in .slr.ipi*r wnrk, sinil how is tlip fpprf nrpnmpli.slipd? 

5. Whiil is tlu* luiiiinsp nf !i i luppt'i' wdiirli supimrts Ihp tnolhnldpr and tool? 

6. llnw is mtlinjE spi'pd ilp.smnalpil in slnippr work? 

7. Whal i< ini‘!iii1 by ppiiI ralizril l■nllh'lll? 

B. WliMl IS inr'iinl by :i iinixpi.sal visi’? 

9. Wliiil llii pc' mot inns may Iht* labli* nf a vprlii al shappr have? 

10. npscnbf* variinis lyjM's nf pmvi*r Irnnsinissnin wlipii iliiprl mnlnr d^i^'p is 

USPll. 

11. Ill sha]ung a pippc of w'ork, tho tool uspil has a dopth of rut of Vi in. and a 
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fi'pd of 0.020 in. per stroke in reinovinp I he surfiier from a enLst-iron plate 8 in. by 
16 in. in size. The material is fed so that Ihe tool euls lengthwise, and is fed across 
the 8-in. fare. 

(f/) Draw a sketrh of the piece lo show what is meiint by dejith of cut and 
feed. 

tb) The shaper is making 30 cutting and return strokes per min. Assuming 
(lie cutting speed lo bi> I'onslant for the entire l■utiing stroke anil the return stroke 
to lake 60 jier cent of the time of the cutting stroke, find the apiiroximate cutting 
speed in feet jier minute, assuming !i> in. additional nonciitting distance at the 
begiiiiiing and in. at the eml of eai-h stroke. 

(r) Determine the time in minutes to.machine the whole face. 
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CHAPTER IV 


PLANERS 

A planer is a maohiiie tnnl dc‘veln|)eil to mat’lnne flat surfaces. It 
may do work ordinarily done on a sha[)er, althou|j:li the i)lane'r gen¬ 
erally machines work much larger and more cumbersome to handle. 
Very heavy cuts, which rc(|uire great driving power, strength, and 
rigidity, can be taken on a planer. The work to be machined is held 
in a vise ur fixture bolted to the table, or it may be clamped directly 
to the table. The table carrying the work is reciprocated past the 
cutting tool or tools for speetl, as the tools are feri horizontally, verti¬ 
cally, or at an angle for each stroke. 

THE CLASSIFICATION OF PLANERS 

The modern planer may be classifieil in a number of different 
ways, as follows: 

1. The type of housing: Planers may be of the tlouble-housing 
type. Fig. 1, or of the open-side type, Fig. 2. 

2. Method of construction: There are the light-, medium-, or 
heavy-duty planers, or standard planers with widened housings. 

3. Purpose: There are the standard jilaners for general work, loco¬ 
motive cylinder planers, and extremely heavy-duty i)laners, such as 
for jdaning railroad frogs and switches of manganese steel. 

4. Method of power application: (a) The drive shaft of the planer 
may be driven by open and crossed belts from a hanger-type two- 
speed countershaft, Fig. 3. The countershaft is attached overhead 
to the ceiling. 

(b) Open- and crossed-belt drive from self-contained counter¬ 
shaft, Fig. 1. The etjuntershaft is mounted on the top of the planer 
housing. 

(1) The rnuntersliMfl miiy bp driven by bpli from a drive shaft. 

(2) The miintcrshaft may bp driven by a ron-st ant-speed motor ronnenlrd 
dirertly to the shaft nr driving thrniigh a pear reiliietion or belt. In Itiis rase, 
only one speed of I he rountersliaft i.«3 possible, resiiltinp in but one putting and 
one reversing speed of I hr table. The self-contained motor drive with the 
rountershaft driven directly by a constant-spend motor through a single gear 
rndiirtion is shown in Fig. 1. 
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(3) Thn cDuntcrshaft may bt* lirivrn by a I'onstaiit-spepd motor through a 
multiple-spend gearbox to the countershaft. 

(4) Tlip count ershiift may bp dri\'L*n by a constant-speed motor and various 
speeds obtained through a step-cone-pulley drive. 



Fig. ]. The Liberly Old-Style (alnml l!»2ri) Two-Housing Planer with 
Self-C-onIaiiied Motor-Driven Countershaft. 

Di)l‘ KwivcIinK liuiul Ls Hliuwn nn tliu ruil. The toohlide un the head ie fed vertiisally or the whule 
head horizontally hy power furniHhed tlirouKh the vertinal .splincd feed rod driven at ita lower end from 
the bull-gear shaft. The two Nhuri vertical handled at the end nf the rail operate Teveraible ratchet 
fifttd KBarH. and arc in their neutral po-nition when vertical. The lower one at the end of the lead BOrew 
engaKBS the fecfl to the right or left an it in tilted. The one at the end of the horizontal Hplined feed 
rod feeds the t<iolHlide down when tilted left, or up when tilted right. The head may be moved hori¬ 
zontally by hand by turning the BCfuared-end lead screw with a hand crank at either end of the rail. 
The toolslide is moved vertically by turning the feed rod in the same manner. 

Variuiis feeds are obtained up to a maximum of ^ in. per stroke, by turning the handle wheel on 
the lower end of the rail. Actual feeds arc indicated on the circular dial directly above. The length 
and position of the stroke of the table are obtained by the location and distance between the trip dogs 
bolted to the T slot in the side of the table. These dugs, or the hand-operated handle below, cause 
tile table to reverse at the end of the stroke, by shifting the two driving belts, one of which id open and 
one rrossed. to and from the central aliiiiiiniim driving pulley. 

(5) The coimlprshiifl. may be ilriven directly by a miillispeed altermiting- 
cvirienl lUDlur Ui give iliree ur rmir culling and reliirii spped.s In the cminterHhaft 
ami table. 

(6) The countPi'sliafl iniiy be ilriven by a iliri’ct-furient variuble-ijipeeil non- 
revpiMiiig typo of motor to proviile a wiile range of sppods. 
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(c) A direct-connected variable-speed reversing motor drive. 

When a gear train is used to drive the table, the motor is attached by 
a coupling directly to the planer driving shaft, as arranged in Fig. 4. 



Courtesy The Rovkford Machine Tool Co. 


Fig. 2 . The Rockford Opnn-SMlt* Hy-I^rtiulic I *1 mg or. 

Exact adjiiHtiiicntH uf all niiimmIh and fi^cds are inaili? by hydraulic presHurc. Table revci-Hala are 
amiMitli and MhuckhtsH. Uatiu uf RuttiiiK apeed tu return ie 1 to 3. The cutting apeed is furnisheil by 
an oil gear pump directly cnniiectiMl tu llie table cylinder. Any cutting epccd iiji to lii fpni is avuiluble. 
Tu'enty kurizuntal feeds ranging fruiii U.OM) in. to 0.2U0 in. and twenty vertical feeds ranging from 
0.U04 in. to 0.080 in. are provided by hydraulic power from a separate pump. The feed takes place ut 
the end uf the iioncuttiiig stroke and before the cut starts. 

The table .spiH^d-control handwheel is shown on the front of the pump-unit cose on w'hich the driving 
cunstuiit-spoed motor Ls mimiiled. The large table control lever is shown on the side of the bed. The 
hydraulic-feed-inechanisiii cylinder is shown at the lower end uf the vertical feed rod. 


When the worm-rack drive is used, the motor may be connected to a 
herringbone reduction gear by means of a coupling. 

(d) Motor-driven hydraulic pump. In the hydraulic drive of Fig. 
2, a constant-speed electric motor drives the variable-disjdacement oil 
pumj) which jirovides the variable speeds. 

5. Method of driving the table: (a) A train of spur gears. This 
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type of drive, of late years, has been replaced largely by those listed 
below. 

(h) A train of helical gears. Fig. 5. In tliis drive, earli alternate 
set of the tliree reduction gears has right- and left-hand helices in order 
to balance the end-thrust reaction on the bearings. This drive uses a 
helical-tooth bull gear which engages with a rack on the underside of 
the table, tlie teetli of which are on a slight angle. To avoid this side 



Courteay The Giddinga and Lewia Machine Tool Com 


Fig. 3. Thn Cincinnati ITypro PlaiiBr, Bell Driven, with One Railheail and One 
SiiJeiiead Culling SiinulLaiieim.sly. 

Tlir* drivp is friiiii n tw(j-H|)iM;rl rriiintcrsliart above the inanliine. The rniinliine is ei|iii|jped with two 
niilliiMds itiid two siilelieads. One railhead is shown awiveled to the left. The second is feediiiR a 
nutting tool to the left, planing a horizontal surface on a large easting. The sideheail to the right is 
feeding u eutting tool vertically dow'nwurd. 

thrust on the table, the Pond planer gear flrive has one single helical 
gear reduction, one twin right and left helical gear reduction, and one 
single spur gear rcrluction. The sjiur bull gear meshes wdth the 
straight-tooth rack. 

(r) A train of herringbone and spur gears combined, Fig. 6. 

(d) The Sellers worm drive to the rack, or the Gray hypoid gear 
drive, Fig. 7. 

(e) Hydraulic drive, Fig. 2. The table travel, as well as the tool 
feeds, is controlled by varying the quantity of oil pumped. This 
gives a very flexible and safe method of power transmission. 
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SPEEDS AND FEEDS 

Tlie rate at whirJi the table is moved forward, forcing the work 
against the cutting tool, is called the cutting speed and is expressed in 
feet per minute. Modern planers permit cutting speeds from about 
60 to 120 fpm. The return or noncutting stroke of the table is faster 
than the forward stroke in order that time may be saved. A return 
stroke of 2-3 times the forward stroke is usual. 



CoiATiwy Tht Gray Planer Co. 


P^ir.. 4. A 54-iii. hy 42-iii. by 20-fi. Oray Ma.ximum-Serviiir Planer, with Two 
Railheads and One Sidehnwl on Each Houaiiin;, Set Up to Machine Two Planer Rails. 

The planer \h equipiicd with a IlRliancc revcrainn motor ami CuLlcr-Hainiiicr control. The railhead 
to the riKlit IN Nwivciod to a SO-dea aiifcle from the vertical and ie Biiuipped with a riishb-anKlc aide- 
euttini! tool fur macliininK the anKVilar surface of the planer rail. The railhead to the riichb ie carryinK 
a aide-cuttinK tool and ia beinK fed horiziintally inakinR an uiiderr.ut. The reversing d-c drive motor 
ia Been at the left. 


The length and position of travel of the planer table are determined 
by the location of two trip dogs. Fig. 1, bolted to the slot in the side 
of the table, which actuate the belt-shifting device, cause the driving 
electric motor to reverse, or reverse the flow of oil in the hydraulic 
cylinder. 

The rutting tool is held in a tool post or more often by straps and 
studs attached to a clapper hinged at its upper end to a clapper box or 
block; see Fig. 1. The block may be swiveled some 20 deg either side 
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Cvurtf^'t The G. A. Gray Co. 


Klu. 5. Liiiijj;ituLliiial S(n;tii3ii through thp Gray Plamu' UimI. 

Tills shuws tliR tablp drivi! from the iiulley or motor shaft throiiich thrive balauBuil lielical- 

Rf'ur riMliii'tuinN tfi the larRC bull Kaar to the riaht, which enKaaes the helical rack undernoath the table. 
TIil* LiiliiiK syntein, consistinK of strainers, settliua basins, and a filter, provides a HoimI of clean oil to 
the table ways, drivina aears, and bearinaa. The double-actina oil puinii is mounted on the outside 
of the planer bed, on the end of the first drive shaft, so as to pump oil whenever the planer runs in either 
direi.'tiou. 



CourtMj/ The Giddinffa and Lewis Jlf^nrfiine TddZ Co. 


Fir. 6. Plan View of the Cincinnati Planer Bml with Table Removed. 

Shnwina the three* lierrinabontvacar speed reductions and the sinale spiir-aoar rodiictiun drive to 
the table. The drivina-shaft acar is shown just below and to the left of the rectanaular oil distribution 
tank, and the large spur bull gear w'hich engages the rack under the table, to the left. The lubricating 
pump and oil-filter system which forcc-lubriDates the ways and spray-lubricates the train of gears is 
shown. 
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of its central position to clear the work or to permit better adjustment 
of the tool, as illustrated in Fig. 4. The block is carried on a tool- 
slide or ram wdiicli may be swdveled on a base or saddle. In Fig. 3 the 
left-hand railhead show’s the clapper box swiveled on the toolslide and 
the slide swiveled to the left on the saddle. The saddle is gibbed to 
the horizontal crossrail w’hich in turn is gibbed to the vertical housing. 
The saddle, toolslide, block, clapper, and straps constitute the rail- 



CourtKsy 0. A. Gray Co. 


Fio. 7. The Latest “ Space Saver ” Drive on the Gray Planer. 

View with tabic rcmcTed. The d-c, varialjk*-spped, rcvursiiiK miitur drivPH the shfift terininiitini; in 
the hyiifiid pinibn. Thi^ drive ih then tlinmeh helical gearEi tii the helical bull Rear which imRaKCS the 
ruck attached tu the uiidiere^ of the tabli*. 

head as shown assembled on tlie rail in Fig. 1 . A similar heail may be 
mounted on the column or housing, in which case it called a siile- 
head. One side- and one railhead are shown in use in Fig. 3. 

The laillieail as a complete unit may he fed by pow’er to the right 
or left on the rail by means of the horizontal lead screw’. The toolslide 
may he fed vertirally up or dow’n, or inclined, on the saddle by means 
of the toolslide feed screw’ driven by the hand crank on the upper 
end, as show’ii in Fig. 1. or by liand or power feed from either end of 
the rail through tlie horizontal splined feed rod. Sidehead tools also 
may be fed horizontally, vertically, or at an angle. 

The aniounl of feed or movement of the tool, expressed in inches per 
stroke, may he adjusted at tlie right end of the rail, but the jiower 
feed may he engaged or disengaged at either end of the rail, as showm 
in Fig. 1. Usual feeds of the heads or toolslidiis range from */(;^ in. 
to 1 in; per stroke by % 4 -in. steps. Large feeds are used in finishing 
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purfiirps with a Avidu-nnsc cnrl-cuttiiig tuol. Two nr innrr hnads may 
bo imumtoii nn the rail as shown in Fig. 8, but usually not mure than 
uno is mnuntod on oacli housing. NMien several lusuls are mounted 
on the rail, they may be given the same feed simultaneously, or one 
may be fed horizontally and another vertically, or at an angle, as shown 
in Fig. 4. Also, the railheads may be fed simultaneously with the 
sideheads in any combination of cuts, as shown in Fig. 3. 

Ill the earlier planers, two cutting tools were arranged so that one 
cut was made on the forwaid stroke and a second cut on the reverse 
slrokt*. Fijual forward and return table speeds wen* maintaineil. In 
tlie iiiodern jilaner, the tools cut on the forward stroke and the table 
and work are i|uickly reverseil. The tools are led at the end of the 
return stroke. The elappi‘r is raised on the return stroke if carbide 
tools ar(‘ used. 

The reversing of the table is accomplisheil in four different ways: 
by having an open- and erossed-belt drive in which the belts are alter¬ 
nately used as drivers; by having a reversing-tyiie motor drive; by 
ineans of a crank as employed on shajiers; and by reversing the flow 
of oil from a hydraulic pump. 

Whvn arranged for the open- and crossed-belt drive, the driving 
iJiilley consists of three parts - two outside freely rotating idler 
pulleys and one inside driving imlley attached to the driving shaft. 
This keyed driving jmlley may be of one diameter, as shown in Fig. 1, 
or may havi’ two diaimders, as shown in Fig. 3. Two dri\'ing belts 
are provideil, one crossed and one ojien. The crossed belt, giving n 
greater arc of contact on the pulley, is usually the belt to drive the 
table on the cutting stroke. During the cutting stroke, greater jtower 
is reriuircd and less speed. This belt, therefore, either drives to the 
pulley of larger diameter on the driving shaft, as shown in Fig. 3, or 
from the smaller i)ulley on the countershaft, as shown in Fig. 1. In 
Kig. 3, both driving belts are shown shifted to the outside idler jmlleys 
and are running freely. The intermediate driving j)ulley, however, is 
stationary, and the i)laner table is not moving. To start the planer, 
the handle lever for table control on the side of the bed, indicated in 
Fig. 1, is forced upward or downwartl to .‘<hift f)ne of the free-running 
belts onto the driving pulley. If the erossed belt, in Fig. 3, is forced 
onto the driving jiulley, the planer table will move to the right on 
the cutting stroke. At the end of thi.s stroke, the trip dog on the side 
id the planer table actuates the belt shifters so the crossed driving 
belt is shifted from the flriving pulley to the loose pulley, and the 
open reversing belt is shifted from its loose pulley to the driving 
pulley. This causes the driving pulley to change its direction of rota- 
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tion anil, by virhin of different pulley dianieter.s, return the table at a 
Rreater speed. At earh enil of the stroke, the two belts are shifted, 
one from its idler onto the ilrivin/; pulley, and the other from the 
driving pulley onto its idler. This type of drive docs not provide a 
positive length of stroke. The table travel will vary slightly in length 
for successive cuts because of the slipjiage of the shifting belts on the 
reversing ymllcy, so that projier allowances must be made. Power is 
transmitted from the drive shaft to the table by a train of gears. The 
last and largest gear of the train is called the bull gear and meshes 
with a rack attached to the unilerside of the tal)le; see Figs. 5 and 6. 

In cutting, the work passes the tool at the desired cutting speed 
expressed in feet jier minute. Assuming that a flat surface is to be 
machined, such as shown by the tool on the raillii^arl in Fig. 3, the 
tool point is set first to contact with the rough surface, and then with¬ 
drawn to the edge where it is adjusted to a position below the rough 
surface a distance equal to the thickness of the layer of metal to be 
removed. This distance, indicated directly on the feed dial, rei)resents 
the depth of cut. The tool is then fed into the wi>rk, at the end of each 
noncutting stroke, parallel to the finished surface desired. To secure 
a good surface and accurate dimensions, two or more cuts are taken, 
the last of which is called the finishing cut. 

SIZE 

Planers arc built in a wide variety of sizes as measured by the 
ilistance between the housings horizontally and between the rail and 
table vertically. Various lengths of table are ojitional. The Pond 
“ timesaver,” built by the Niles Tool Works Co., is made in sizes 
having cajiacities from 36 in. sq, requiring a 20- or 25-hp driving 
motor, to 72 in. sq, requiring a 35-hp driving motor. The Oiddings 
and Lewis Machine Tool Co. manufactures the (hneinnati Ilypro 
double housing planers having caymeities from 30 in. sq to 120 in. sq, 
which require electric motors from 25 to 75 hp. 

FEATURES 

Spur gear trains to drive the tabic have been reydaced by helical, 
herringbone, and worm gears to give smoother and more powerful 
drives. Forced and spray lubrication is used on all running shafts 
and gears. Tlie oil is settled, strained, and filtered. Gears in side- 
heads, and those in the feed gearbox on the end of the rail, run in oil. 

The length of the bed of the modern planer is twice the length of 
the table. Only a few years ago, the bed was made only one and one- 
half or one and two-thirds the length of the table. This caused the 
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table to overliiing on long strokes. Forced lubrication of the ways 
through openings shown in Fig. 6 have replaced the spring-supported 
spool running in oil, as shown in Fig. 1. 

Power rapid traverse for ])ositioning the toolheads and tools, rather 
than resorting to hand oiieration or to the slow mechanical feed, is 
l)rovided on practically all modern planers. Power rapid traverse is 
furnished to the railheads by a separate motor usually mounted on the 
til]) of the housing. Motors mounted on the sideheads furnish power 
rapid traverse, as well as power feeds, to the sidehcad tools. The rail 
itself is undamped from the housing, elevated or lowered to any 
desirable point, and reclamped in its new position. 

For the high-powered drives, the variable-speed direct-connected 
reversing motor is used almost universally. This type of drive lends 
the machine almivst completely to push-button contrc)!. 

Dujilex or dual control is another feature emphasized on modern 
|)laners, in which the planer may be operatecl from either side of the 
bed. The overhanging pendant switch, Fig. 4, makes it i)ossible to 
keep the push-button control constantly at the convenience of the 
o])erator. Centralized control is also a feature of modern planers. 
The operator, standing in a j)osition to watch the cutting tool, con¬ 
veniently controls all the functions of the j)laner. 

PLANER EQUIPMENT AND ATTACHMENTS 

Mf)st of the Mttaclnnenls used in connection with j)huier work today 
are actually built into tlie planer as a part of it. The modern planer is 
so completely erpiijijied with mechanical control that it can be operated 
with little physical effort. 

A planer should be e(|uipped with a heavy-rluty vise similar to 
the two-screw type for shaper use. A wide assortment of types and 
sizes of holding clamjis is necessary in order that the wmrk may be 
attached to the table with little time loss, with little deflection of the 
workpiece, and with due regard for safety of the machine and operator. 
Angle plates of various sizes and shapes, step blocks, and parallels arc 
useful in setting uj) work on a planer table. The planer table itself is 
fwovided with several T slots running the length of the table for 
holding T-headcd bolts. Planer tables also arc provided liberally with 
drilled and reamed holes for table stop pins with nr without adjusting 
screws. The material to be machined should be clamped to the table 
in such a way that it is inacliined in an unstrained condition. If 
uiachined in a distorted position, the part will warp when the clamps 
arc released. This danger is miniinizerl if the clamps arc released 
slightly before the final light finishing cut is taken. 
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QUESTIONS 

1. Whjit lypn of surfjiiinH is the planor dnsiKOod to inarliinR? 

2. Explain what is lUL'iini by uniting speed and its relation to the return 
stroke spt'ed. 

3. Explain tlie meaning of depth of rut and how it is obtained. 

4 . What is meant by fi'ed and in what units is it expressed? 

5. What are direel-reailing rlials? 

6. What is meant by a elapper and what is its purpose? 

7. Wliat is tile ailvanlage of having the planer bi^d twice the length of the 
table? 

B. What is meant by power rajiid traverse and whal is ils advantage? 

9. Wliat are (he five priiicijial methods of rlassifying iilaners? 

10. N ami' threi; iliiTereiil methods of apiilyiiig power to the planer drive shaft. 

11. What are the two principal means employed to secure the reciprocating 
action of a planer table? 

12. Name si'vijial dilTerent rnethoils of transmitting i)ower from the ilrivr- sliaft 
to the planer table. 

13. To cut a groove 1 in. wifle in the face of a largi' fiat horizontal gray-iron 
casling, a si|iiare-enili*il tool 1 in. widi' is being feil vertically into the piece Viu in. 
at each stroke. What is the numerii'al valm? of tin? di'pth of cut and feed? How 
should this type of cut be designaleil? 
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CHAPTER V 


NOMENCLATURE AND MATERIALS FOR 
SINGLE-POINT TOOLS 

SINGLE-POINT TOOLS FOR LATHES, PLANERS. 

AND SHAPERS 

Ltitlics, planers, and slia])ers, as well as boring mills and turret 
latJies, are inaeliiiie tools employing single-point tools. In general, 
the tools for these types of machines are similar in sha|)e aiul mate¬ 
rial, except those proilneing special sha|)es or those meeting specific 
requirements. The fact that the planer and slnqier utilize inter- 
mitU'nt cuts, as against a continuous cut in the lathe, often makes it 
necessary that the tools for intermittent cutting he more rigid in 
themselves and in their mounting. It is not possible, however, to 



Fig. 1. A Single-Screw Tool Post with Rocker Rase and Nomenclature as Used on 

Small Lathes. 

The rneker base pi^riniis ailjiiHiment of thn niittini; hiIrr ti> the UHntnrline of the work by tiltini;; the 
tfMil. A vnrtiral arljustinent only, by ui^iiiK kilims, in preferred us the tool ia niounterl more riKidly and 
r/haiiKi; »f relief and rake aiiglra ie prevented. 

iililize (he high speeds of continuiuis cutting in the planer and shaper 
hecausc of the larger inertia forces set up in reversing the tools, or 
work, at the end of each stroke. 

Tool Posts 

Single-point tools arc held rigidly in a machine tool by being 
clamped in a tool post. The single-screw tool post, Fig. 1, is common 
on the smaller lathes and shapers, ASA B5.2, 1948. The rocker base 
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is (junvcnient for tilting the tool to adjust the cutting edge to the 
center height of the work. This procedure clianges the rake and 
relief angles, and it is better practice to use a fixed-bed tool post and 
adjust for height by the use of shims under the tool. Planers and 
large shapers and lathes use strap and stud toolholders more com- 



Tool Designatiun 

Normal* Bach-Rahe Angle - 
Normalt Side-Rake Angle — 
Normal* End-Relief Angle - 
Normalt Side-Relief Angle - 
End-Cutting-Edge Angle- 
Side-Cutting-Edge Angle — 
Nose Radius- 


S'*, 14" 6" 6", 20, 15, H 


Fin. 2. A Typical Straight-Shank, Right-Cut, RC-S, Solid Tool nf High Speed 
Steel, Ground fur Turning Steel of about 250-300 Briiiell. 

llakp aiiil relii^f aiikIbh arc ahnwn as uormal to cuttini; udgiw. 

*Nuriiial to cnd-ciittinK ciIkh. 
t Normal to aiili^ciittinic uiIkc. 

inonly. Fig. IV-1, while the single open-side. Fig. Xl-17, or 4-way 
turret tool posts, Fig. XT-4, are also often used on large lathes, boring 
mills, and turret lathes. 


TOOL NOMENCLATURE AND TYPES OF CUTTING TOOLS 
AND HOLDERS 

Tool Nomenclature 

A typical siraiglit-rutting-edge tnnl nf the .<luink type for lathe, 
planer, and shaper as ground nn the hardened end of rectangular or 
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sqnaiT bar .stnok is shciwn in Fi^. 2. Kjirli tnnl rnnsists of a shank 
aiirl point. In sf)ino casos, as in lioop-holr boring tools, tlir point is 
Lonnertod lo tbo shank by a riMlnriMl sLM-tion known as the neck. 



Tool Designation B, 22, 6, 6, 6, 15, Vh* 

Back-Rake Angle-1 

Side-Rake Angle- 

End-Relief Angle- 

Side-Relief Angle- 

End-Cutting-Edge Angle- 

Side-Cutting-Edge Angle- 

Nose Radius- 

Eig. 3. A Typical Toolhtilder with 30-dcg Lcft-TTcnt Shank and IS-dcg Toolhnldur 
Angle; a Right-Cut Tool Bit Suitable for Turning Soft Steel Is Shown. 

Rake and relief angIcH arc shiivi'n based on centerline uf tuulliuldcr head. Cuiiiiiiuii eizea in inrlien are: 
n X X 5 liulder for ,*4 aquare X 214 lung bits. 

>2 X i 'h Xfi " " >10 " X " 

%XIVhX7 .'4 " X:J 

X 154 X 8 " " 4 “ X 4 ■■ 

For heavy-duty turning the tool should have a shank, say, 1x1X7 
in. long or % in. wide, 1% in. deep, and 8 in. long, according to the 
American Standard ASA B5.22, 1950, which gives all standard sizes 
for square- and rectangular-shank tools and holders. Figure 2 shows 
a straight-shank, right-cut, solid tool of high speed steel with the 
rake and relief angles indicated as normal in relation to the side- and 
end-cutting edges. Figure 3 shows a commercial bent-shank tool- 
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holder with a 15-dof; toolholder angle for a high .speed steel bit. 
Holders for cast nonferrous metal bits and soliil or tipped sintered- 
carbide bits have a toolholder angle of 0 deg. Four standard sizes of 
holders and bits are indicated. 



Fio. 4. Right-Cut, Lcft-Buiit-Shaiik Tool; Symbol UC(LB). 



Fia. 5. A Section through the Plane of the Chip Flow. 

The profile is a plan Auew when looking at the face from a point at 
right angles to the base. Those angles between the tool and wcirk 
which dei)end not only on the shape of the tool but also on its position 
with respect to the work are called working angles, Fig. 3. The 
setting angle is the angle made by the straight portion of the shank 
of the tool with the machined surface of the work. The entering angle 
is the angle which the side-cutting edge makes with the work surface, 
i.e., the surface to be machined, Fig. 4. The true rake is the actual 
slope of the tool face from the eutting edge in the direction of chip 
flow, as shown in Fig. 5. A tool will have different values of true 
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rake for each cniiibiiiMtion of dej)th of cut and feed, inasiimrh as the 
direction of flow of the cliip changes with these combinations (see 
Fig. VII-8). 

CLASSES OF SINGLE-POINT TOOLS 

Single-|)oint tools are classified according to their shajie, constnic- 
tion, or use as follows: solid; tipi^ed; raised face or forged; tool- 
holder and tool bits; radial; tangential; circular; straight; bent; 



Fifj. ti. A Sclcftetl Spt of Fnrp:Ril Slwink-TypR Toola. 

1. Kiirlit-r;iil, .‘U)-duK, Infl-tuMir-sliank, rniiKliin^ rnt)! for isimnnil piirpiMcH, Fie. 4. 

2. Lnft-i'iil, liivivy-iliity, rniiKliiiiK trjul. 

3. Eiiil-niO.. IrTt-iirnt-shiink. fiiiiish-tiirniiiiE Innl. 

<1. stniiKht-KhiLiik, fiIli>sll-^ill-in^ liiul. 

.'i. Riulit-nit, 3n-rlBU, Ipft-liRnt-Hliiiiik, fiiiiHh-fiiRiiie Inol. 

0. RiKlit-i'iil., .struiulil-Nliiiiik, wiirin anil Ariiit* thread cuttinK tool. 

7. Li'lt-i'iit, striLiKlit-.sliH.iik, wnriii anil Aviiir ilircail riittinK tiiiil. 

R. Riulit-nit, struielit-.'^hank, V uni Natinniil Ktuiiiliiril thrp.uil rutting tnrji. 

!). liisiilr iRrt-i-iil, .straiKlit-shuiih. V anil Natiimal Stunduri tlirRiiil r.uttinK tnoL 
ID. StriiiKhl-.sliaiik, iiiKiili'fiiiiHhiiiK trinl. 

II. SlraiKht-Nliank, rntiKh-hririnK tiinl. 

, 12. StraiKlit-.sliaiik, radiiiH-forinine tuol. 

offset; gooseneck; right cut, left cut, or end cut; roughing nr finishing; 
curved or straight cutting edge; sipiare nose; cut off or jiarting; side 
facing; dovetailed; intermittent cutting; boring, threading, and re¬ 
cessing; knurling; radius; form; and skiving. A variety of classes of 
forged tools is illustrated in Fig. 6, anil some ground tools with tyjiical 
angles are shown in Figs. 2, 3, and 7. The American Standard types 
of carbide-tippeil toots, styles A-Ti, inch, are shown in Figs. 19-25, 
incl. Stylos A and B have 0-deg and 15-deg side-cutting-edge angles, 
re.spectively; C, Fig. 21, has a square point; 1), Fig. 22, has an 80-deg 
nose angle; E, Fig. 23, has u sharp 60-dcg nusc angle for threading; 
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A. A Cut-off (or Parting Tool). 

ThiK an liiid-c-iit toul with ^iiie- 
niittinie eilKst* and Hide axial eluaranee. 
Tilt; iiiHert (A) Hhuw's the end-ruttiiig 
edge beveled hii hh tu leave nii burr on 
the iiiecB cut ulT from a solid bar. 




(C) 


I'lG. 7. Cul-off (A), Side Faeing (R), and Dovetailing (C) Tools. 


F, Fig. 24, an offset end-cutting tool; and G, Fig, 25, is an offset 
side-cutting tool. 


Solid or Shank Type, Tipped, and Bit Tools 

The point of a single-jioint tool may be: 

1. Fuiiued by grinding on llir end of a shank of hfirdnnnd tool vstppl. Fig. 2. 

2. Forged on the end of a shank and subseriiirnUy hardened and ground. Figs. 
4 and h. 

3. A bit or small portion of rulting-tool inaterial of squari', reetangular, or other 
section, or forged lo special shape, rhiiiiped in the end ot a holder or shank, 
Figs. 3 and 8-17. The angle of inclination of the bit from the base of I he holder 
is known as (he toolholder angle. Shanks and holders may be bent left or 
right. Figs. 3 and 4. or offsel. Figs. 24 and 25. 

4. A tip is an insert of the cutling-lool material to form Lhe cutting edge and 
face, Figs. 17, 18, and 19. 
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AVhui) foi’Kin^ anti heat-tn'iitiui; farilities i\rv iivailiililo, si‘ls of 
forged tools rovorinp a variety of shajies and sizes can lie inatle 
f|uirkly anr! cheaply, Fig. 6. Complete sets of tools, standardized as 
to size and slia])c for special jobs, may be iiiaile and kept on hand in 
conveniently located tool cribs for issue. Cnless such standardization 
is employed, each operator or foreman is likely to accumulate sets of 



Courleny Armnirong Broihvra Tool Oil. 

Fig. 8. Forged Toolholders for Square Section Bits. 


The bit in hpld in plane by thn Hnre^'. UolilnrH lire riirniHlieii fur bitn fruiii in. to IVy in. nq. TduI 
bitis may be gniiind tii imnvenieiit .shapes tu fiiiit the nature of the work. Theee tciuln may be ueed fur 
I lithe iir Mlinper wurk ur for roughing ami fliiiKhiiig, an illiiNtrateil. They alnu are furniMlieil Htraight, an 
ar upper left, and with right- and ler(.-bent .sliiink, iw at lower left. 

lii.s own which may cover an unnecessarily large assortment of shapes 
and sizes and lead to duplication. 

Tool bits and toolholders: Tool bits are pieces of the cutting-tool 
material of square, rectangular, or formed sections usually purchased 
ready for grinding to shape and use. They may be held by some form 
of clamping in toolholders usually made of forgings of strong tougli 
steel. Relatively cheap holders will serve for a long period of time, 
and the bits can be replaced as they are used up. 

A variety of tyjies of holders for tool bits or cutters of various 
shapes and sizes is shown in Figs. B-17, inch These holders are 
designed to accommodate a wide variety of shapes of bits for specific 
purposes, although they may be used on various produetion jobs 
employing a single shape of bit. Figure 8 shows the most common 
type of holder in toolroom use. 

Little grinding is necessary to prepare the tool for specific purposes. 
The bit is held in the holder at a convenient slope. The overhang of 
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the toolholder beyond its support should be kept as low as possible 
to maintain rigidity. Likewise the tool bit should project from the 



Courledy Arinstronff ffrathera Tool Co. Courtesy Armstrony Brothers Tool Co. 


A. Left-Bent Holders for Cuttiiig-Off 
and Hide-Cuttiii|; Tool Bits. 

Huldera clamp by cam action. The cuttiug- 
mIT and aide-cutting bladua are interchangeable. 


B. Pliiner or Shiip(*T Toolholder and 
Bit. 

The face of the bit is held imriillel tn the baae. 
nf the hiilder to prevent digging in. The bit 
may be swiveled to any poaitiuii. 


Fig. 9. Toolholdors and Bits. 



Courtesy Armstrong Brothers Tool Co. 


Fig. 10. Boring Bars and Shank Holder for Lath(‘ Tool Posts. 

A hair turn of the scn<\v cUiiiipH or releases the bar in any pusitiuii in the liolder. Tlui riiiters are 
standard stuck hits and are held in straight or angular pusitiun by the thre.iiiliHl sleeve i>ii the end of 
thn bar. The cut in the. center shows a diMible-emleii cutter roughing out the reiitral cored hole and an 
angular cutter used for boring and facing. The cut to the right shows the bit ground for cutting an 
iiiU-Tiial thread. 



Courtesy J. H. Williams and Co. 

Fig. 11. Threading Toolholdors with 
Spring nr Lorkuhle Head. 

Used as a spring tool fur Hiiishing, but with 
nut (nut shown) in lower hole the bit has rigid 
hacking riuiuired fur coarse threading ur heavy 
turning euts. 



Courtesy Armstrong Brothers Tool Co. 

Fig. 12. A Thread-Cutting Tool. 

This tool consists of a holder and a cir¬ 
cular formed threading cutter. .\s the bit 
is resharpened, it is rotated on its axis by the 
adjusting screw to keep the face in a hori- 
soiital plane through the axis of the work. 


hnldiT only about one and one-half times the tool-bit width, sufficient 
to provifle chip clearance but not enough to iiennit cliatter or breakage. 

The cutoff or side-cutting blades used in the holder, Fig. 9A, arc 
also of a formed section to provide side relief, so as to require the 
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ininiinuin amount of grinding. The bits used in the planing tool- 
holder, Fig. 9/?, are square or rectangular in section and arc inter¬ 
changeable with the turning toolholder, Fig. 8, the boring bars, Fig. 
10, and the threading toolholder, Fig. 11. 



lUNNIND 

TUDU 


Coutieay J*rail and Whitney Co. 

I'’iG. 13. Left^Bent Shank Thrcailiiig Toolhuhler of the Rigid Type Conlainiiig a 
Siiigh'-Point Tangeiiiial-Type Formed (yutter. 

Only till' film Ilf Mii> iMittiM' is Kriiiind iifT in rL'MliuriitMi. Thf; RUtiRrs an? pliir.iHl with a rrliRf uiikIi! of 
I'l ihiK, iinil if, ill NliiirpciiiiiK, this anKlu is inaiiitained theru will bo no rhanKi; in thi? form of thu thread 
wliinh till! tool Ruta. The bit or triiil is seeiired in the holder by a elninp nperaterl by the knurled nub. 
The bit is uiljusted in the holder for heisht by louHenitiK the elamp and turninK the elevatins hrfcw. 
The thread-ehaser bit and a ['.eiiter-turniiiK tool bit are interRhaiiRenble with the HiiiKle-point bit. 


Till* tmdh()l(hT.« shown in Fig.s. 11, 12, and 13 are used principally 
fur thread cutting. That shown in Fig, 11 may be used with a 
springhead or with the head locked to form a rigid holder. In light 





Courteey Armstrong Brothers Tool Co. 


Fig. 14. Knurling Toolholder and Diainund-Paitcrn Knurls. 


The universal revolvinR head contains three pairs of knurls, lEiving a coarse 14-pitch, medium 21- 
pitch, and fine .Tl-pitch finish, as shown by the specimen. 


finishing cuts, such as those taken for finishing threads, a better finish 
is sometimes obtained with the spring-type tool, but rigidity is 
required when heavy cuts are taken. The thread-cutting tools, 
represented in Figs. 12 and 13, use tool bits of the formed type, so 
that as the tool becomes dull, only the face has to be ground, and 
the bit adjusted on the holder for the prujier height. The holder, 
illustrated in Fig. 15, shows a clever method of adapting a formed 
tool bit to production turning. The bits are furnished hardened and 
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Fig. 15. Holder Style R and RoughiiiR Tool Bit of the Formed Tangential Type. 

The profile is patterned after F. W. TayforM Nharp tiiols. Tin; bit is sharpeneil by grinrIinK the top 
face only to the appropriate rake auglca. Relief angleH and prulilc are automatically maintained. 



Courtesy O K Tool Co. 


Fig. 16. Planer Tool-Bit Holder, One End Straight Style and the Other End 
(lOOHeneek, with a Stiindard Assortment of Twelve Planer Tool Bits. 

The wrench for binding the tip in tliR liHider and a hand grinding holder are shown. The tips are 
forged from high speed steel, hent-treateil and ground. Two holders are held by straps in a planer head. 
The straightr-eiided holder to the left is carrying a ciirved-cutting-edge, heavy-duty roughing tool; 
the gooseneck holder to the right contains m straight-edge finishing tool. Hough and finish cuts ai« 
being made siinultaneously. 
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'A'ith i\ ili’finite profile and may be adjusted positively for 
lieigbl in the holder. 



CowtFHij Krnnametal Inc. 

Fig. 17. Various Types of (/arfude-Tippeii Siiigli'-Poiiit. Tools — Ueeesseil and 
llrazed Tip at the Lidt, a Clamped-Oii Tip Adjusted l)y Bae.k-Up Sei i*w in the Oeuti?r, 
and a Solid Cyliiidei' Bit of iiny Oiven Radius al. the Right. 

IlcililRrH ftiiiiiliir to Ihfit on the riffht arp avuilabli* for Iriaiigular, aquare, anil reclaoKular bits, and 
all may have, chip brnakera ground in Ihe face. 
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Fig. 18. Six ASA Standard Shapes of Sintered-Carljide Tips. 

Lach ia available in a wide variety of Hizce. Many utlier tips fur reaming aa well aa the tangential, 
cylindrical, triangular, and square bits nr inaerta are ataiidardized. 


Figure 16 shows a type of holder whirh employs dic-forged tool 
bits. Bits of various .shapes are interchangeable, so that these holders 
may be used with a single form of bit for production work or with a 
variety of shapes for more general work. Two holders arc being used 
simultaneously. One supports a round-nose roughing bit which is tak- 
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ing a ruughing cut while the secnnd toolhohler supports a broad-nosc 
finishing bit, so tliat a surface may be roughed and finished at one 
traverse of tlie planer head across the work. It is better practice to 
take the light finishing cut with a larger feed after all roughing cuts 
are completed, however. 
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Tool Character 

Bach-Rake Angle- 

Side-Rake Angle- 

End-Relief Angle- 

End-Clearance Angle- 

Side-Relief Angle- 

Side-Clearance Angle- 

End-Cutting-Edge Angle - 
Side-Cutting-Edge Angle - 
Nose Radius- 


7(10), 7(10), B. 


Fiq. 19. ASA Sintered-Carbide-Tipped Tool, Style A. 

A rieht^Biit, Burhiili?-li|ipi;ii, ainit;lL'-puint tnol, style A, with 0-i1cr siile-cLittinR-eilge anele 
and with tunl character of suKKCsted angles rcferreil t'U the .shank. Tool ARIU has a shank 
(ir X // X X 1 X 7 in. and a t^J (1 X w X D 'A X Mh X 1 in. 


Tipped tools: To suA-e the more expensive cntting-tool materials, 
small pieces arc often brazed, welded, or clamped to the end of a 
heavy shank. Fig. 17. The materials used as tips may be high speed 
and cobalt high speed steel, cast nonferrous metal, the carbides, and 
diamonds. Each material requires its own method of wielding or 
brazing to the tool shank, as explained under cutting-tool materials. 
The tipped tools give the general appearance of being ordinary tools 
of the shank type. Siiitered-carbide tips are made in six standard 
shapes shown in Fig. 18, and each is available in a wide range of sizes. 
Figure 19 shows sintered-carbide bits brazed to steel shanks. The tip 
is generally made to fit a recess in the shank on one or two sides as 
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sliown, so as to relieve the brazing material of the cutting forces. 
Tips may be brazed on the flat face, however, and thus reduce tip 
Tracking due to thermal stresses. 

A piece of cast nonferrous metal welded to a chromium-nickel steel 
shank is shown in Fig. VlI-5. 
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Tool Character 

Back-Rake Angle, Par.- 

Side-Rake Angle, Normal- 

End-Relief Angle, Normal- 

End-Clearance Angle, Normal - 

Side-Relief Angle, Normal- 

Side-Clearance Angle, Normal - 

End-Cuttifig-Edge Angle- 

Side-Cutting-Edge Angle- 

Nose Radius- 



I 


o', 6". 7"(10"), 7"(10"), 15, 15, 


Fin. 20. AS.\ Sinturnl-Carbide-TipiiBil Tool, Style B. 

A riKht-ciit, tipiiRil, Kiii^lt'-liDiiii tuol, style It, with 1 .'i-di.'K Niili‘-i'uttiii|c-iMlEe anKlu and tnnl charaeter 
in whii'li anijles are referred tu afi uuriiiu.1 tu the cutting edee. (The iiunnul unKlee are uften used in 
lijiil EriiidinE.) 


CUTTING-TOOL MATERIALS 

A wide variety of materials is used in making up cutting tools. 
This variety is necessary to meet the many conditions imposed ui)on 
the cutting tool, such as machining i^arious tyi)es of materials and 
taking heavy and light cuts. Those materials used in making up 
cutting tools for lathes, planers, and shapers may be outlined as 
follows: 

1. Plain hi^h-carbon tool steels. 

2. TiOw-alloy carbon tool sterls. 

3. Spmiliigh spppd or fini.stn'ng .steels. 

4. High speed steels of the tungsten or molybdenum type. 
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Firi. 21. ASA Siiit«iiul-Carhiili!-Tiii|icMl Tniil, wStyli*- 

A Miiiiarv-L-ii<l ur i:iiil-c;utting, tiiuKHl itHil. Toul charuKlur, 0, 0, 7 (10), 3 (A) R, 3 (5) L, 0, 0. Hq. 



Fin. 22. AS.A SiiilrMi*(l-(^ari)iil(‘-Tii)pi?J Tnol, Stylo D. 

An B0-ilt:K nuHc-anglc, tippcid Uiol. Tool chanictcr, 0, 0, (10") R, 7". (!□") L, 50, 50, R. 



Fii!. 23. ASA Sililoroil-Caiilidu-Tippeil Tiiol, Style E. 

A tipp«Hl threading lool with a OO-deg niNic angle. Tuul character, 0, 0, 3" (Q") R, 3" (6") L, 00, 60, IL 
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5. Culittlt spiMMl sIimMs. 

6. Nonferroiis Mllnys nmsisliIl^E priin ipnlly i»f cnliMli. aiiil hiiiKsh-n 

siifh as Siellitp. 

7. Sininrcri rarhiilns. 

8. Diaiiionils urn I siipphirus. 

9. Ceramics. 



Fig. 24. ASA Sintcnjil-Carbidiv-Tippnil Tool, Style F. 

All olfuRi, iind-riitting, ^inglB-puiiit twiil. Tnul Rhumr.titr, li, 0, 7 (10), 7 l^). Op —■^0. R. 



Fiq. 25. ASA Siiitered-CarV)idL*-Ti|)ped Tool, Style G. 

An nlTHut, bIiIr- cutting, Bingle-point tipijud tonl. Tuol character, 0, 6, 7 (10), 7 (101, B, 0, Ri 

Tool Quality 

The quality of tool-steel tools (depend.^ upon several factors, such 
^s the chemical analysis, the mctliod of manufacture, the heat treat¬ 
ment, the shape, and the final grinding. The first three factors vary 
considerably among the manufacturers of tool steel, and the require- 
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inents of users vary as to the composition of steel for specific work. 
Cutting-tool steels may be purchased in accordance with definite 
specifications, in which case the buyer is responsible for the results, or . 
tlie steel may be purchased for a given purpose, leaving the specifica¬ 
tions up to the manufacturer, who in turn is responsible for the results 
produced. 

Carbon Tool Steel 

Carbon tool steel, No. 1, Table 1, costing from 16 to 20 cents per lb, 
may be made into tools of all types. Hardened high-carbon tool steel 
possesses a high degree of hardness and toughness. It is used for all 
types of cutting tools for light-duty work. It cannot withstand cuts 
producing temperatures above 400” F. As keen cutting edges arc 
obtainable, it is often used in production work in cutting free- 
machining steel or brass, where temperatures are kept down by a 
copious supply of coolant. Because of its low price, a great assort¬ 
ment of carbon tool-steel tools of a variety of sizes and forms, 
Fig. 6, may be kept on hand for occasional use, with small total invest¬ 
ment. These tools will render satisfactory service, particularly when 
the actual cutting time of each is small. When the cutting time is 
large and tool life or endurance becomes a factor, carbon tool steel 
is refdaced by more productive tool materials. 

Lathe, j^laner, and sha|)cr tools of tlic plain-carbon-steel type usually 
contain from 1.00 to 1.30 j)er cent carbon. Drills, tajis, threarling 
dies, and milling cutters may average from 0.90 to 1.20 per cent 
carbon (see 1, Table XVI-1). Vanadium up to 0.15 per rent is added 
to increase the toughness of the steel. Chromium up to about 0.50 
per cent may be added to increase the depth of hardness (see 2, 
Table XVI-1). 

Heat treatment of plain carbon tool steel: It is good practice to 
refer to the literature of the manufacturer of the steel for specific heat 
treatments because of the wide variety of analyses. Average practice 
is as follows: 

To normalize before hardening, after machining or forging, to elimi¬ 
nate stresses and obtain a uniform grain structure, heat slowly and 
uniformly in the furnace at the rate of %-l hr per in. of thickness, 
to 1,550-1,700° F, and liold for nne-half the heating time to obtain 
complete penetration of heat and for comidete refinement of grain. 
Remove from the furnace and cool in air. The higher temperatures 
are for the higher-carbon steels. 

The purpose of annealing is to soften the steel and obtain desired 
structures for hardening or machining. Heat the steel slowly and 
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imil'urinly to 1,400-1,440° F and hold 1-4 hr until a complete pene¬ 
tration of heat is obtained. Cool slowly (not to exceed 50° F per 
I hr) to 1,000F, either in the furnace or buried in an insulating 
iiiateiial such as lime or ashes, after which more rapid cooling may 
be used. The higher temperatures are for the higher-carbon range. 

To harden, heat the steel uniformly to a temperature of 1,450- 
1,500^ F for the lower-carbon range, and 1,400-1,475° F for the 
higher range. Quench in water or preferably a brine solution of 10 
)MT cent by weight held at a temperature of 70-80° F, but remove 
the tool before it has cooled to about 200° F. Oil may be used for 
(luenehing thin setdioiis. The higher temperatures are for the lower- 
carbon range. A scminuiffle or muffle furnace may be used, but often 
Mead or salt baths are advantageous. The latter require a slightly 
higher tcmi)erature, owing to the more rapid transfer of heat. 

Temper to relieve strains and refluce brittleness by reheating the 
tool uniformly to 300-550° F wdiile it is still warm. Hold for 1 hr 
and cool in still air. 

To forge to shai)c, or refine the grain structure, heat uniformly to 
],800-2,000" F. The higher teni|)eratures are for larger sections or 
rnjiid reductions. Forge constantly but not below a temperature of 
1,500° F (see Metals Handbook, 1948 Ed., p. 660). 

iSemihigh Speed Steel 

Seinihigh speed steel, costing from 30 tti 50 cents per lb, is used 
wliere there is severe wear but little heat generated, as in blanking 
and forniiiig dies or in finishing tools like reamers. It has b\it iViJ^ 
per cent tungsten, so cannot be classed with high speed steel. Tools 
of this material, when properly heat treated, maintain keen cutting 
edges. They cannot be run at any higher speerls, feeds, etc., than 
can plain carbon tool steels and moreover do not possess any great 
^ ^ougiiness, owing to increased hardness penetration. Steels of this 
tyi)e are made in a wiile variety of compositions. 

High Speed Steel 

Higli speed steel, costing from 75 cents up per lb in large quantities 
of bar stock, or about S2.00 per lb in tool-bit form, is used for heavy 
or high-speed cuts where tool endurance is of importance. It performs 
to advantage in nearly every type of job on ferrous or nonferrous 
metals, or on difficult nonmetallic materials such as Bakclite, hard 
•’libber, fiber, cardboard, or asbestos. 

High speed steel, introduced in 1900 by Taylor and White, has a 
high degree of hardness at all temperatures up to 1,100° F. It is 
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capahlo tjf reinnvinp: a fhip at a puttinK sppprl from two to thrno times 
that of carbon-Hteul tools anti will hist for a lonpier perioil of time jier 
Krind, rpsultin{*: in seven to ten times the output. It is good praetiee,, 
liowcvcr, while cutting, to flood the high s|)eed steel tnol with a copious 
supply of cutting fluid so as to keep the tool below a red heat. It will 
lose its hardness at the higher temperatures and fail more quickly. 

Most high speed steel metal-cutting tools in use today are made from 
steel of the 18-4-1 type (18 per cent tungsten, 4 per cent chromium, 
and 1 per cent vanadiumj, 2, Table 1. This type of high sjieed steel 
is the simplest to harden of all the different high si)eed steels, as it has 
about a 100° tolerance on the (]U(‘nching leiiijierature. There con¬ 
tinues to be a slight demand for the so-called low-tungsten high- 
vanadium ty|ie of high sliced steel containing about 14 per cent' 
tungsten and 2 per cent vanadium, 3, Table 1. The 18W-40-2Va and 
the 18W-4Cr-3V4Va steels, 4, Table 1, give increased red hardness, 
toughness, and abrasion rt‘sistancc requirc'd fiir machining very hard 
steels where slightly higher costs over the 18-4-1 steel are warranted 
by better performance. 

Cobalt is added to high speed steels to increase red hardness to give 
the 14\\^^(h'-2Va-5Co, 18W-4Cr-l Va-4Co, 18^^-4Cr-2Va-7C:o, and 
20^^'^Cr-l ViiVa-12 (-o, 5-8, Table 1, types of high speed steel. Co¬ 
balt steels, introduced in 1928 as suiierhigh sliced steels, cost approxi¬ 
mately $2.50 per lb and are commonly useil as tips or bits. Unless 
hardened in salt baths or controlled noiioxiilizing atmospheres, they 
harden with a soft skin and must be ground all over after treating. 

Molybdenum high speed steels are now developed in which the 
tungsten is replaced wholly or partially by molybdenum. The most 
widely useil one is the Mo-Max tyiie 9, Table 1 (BMo-lVl;\V^Or- 
IVa), a general-purpose material with performance characteristics 
comparable with those of 18-4-1 and 18—4-2 tungsten steels. The 
second type of molybdenum steel (8Mii—4Cr-2Va), containing no 
tungsten, is found to be of imironii quality, and is comparable in 
jierformancc with the 18-4-1 type. There are other molybdenum 
high speed steels now marketed, having various tungsten-molybdenum 
ratios, with or without cobalt, or with variations in percentages of the 
minor alloys, chromium, and vanadium, as indicated by 9-13, Table 1. 

Heat treatment of high speed steel: After forging and machining 
high speed steel should be annealed before it is hardened. To avoid 
oxidation and scaling, the tool should be packed in annealing boxes 
in cast-iron chips, fine sand, lime, ashes, mica, etc. Covers should be 
sealed airtight with fire clay and the annealing boxes charged into 
the furnace and heated slowly and uniformly to a temperature of 
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1,600-1,650° F. They shiiuld be allowed to soak at this temperature 
for 1-4 hr, till thoroughly heated, and then cooled slowly (about 
30° per hrj to 1,000° F in the furnace before being unpacked, afttir 
which cooling may be more rapid. Resultant hardness should be 
212-218 Bhn. Large, intricate tools may be heated to approximately 
1,000° F in a first preheat. After machining and before hardening, it 
may be necessary to relieve harmful machining strains by annealing 
at 1,200-1,350° F. If oxidation and scaling are not injurious to the 
tool, open-furnace annealing is permissible, but both the heating and 
cooling must he slow and uniform. 

To harden, high speed steel is preheated slowly and uniformly to 
1,550° F. For large tools, or where distortion is to be avoided, it is often 
advisable to use two preheating furnaces, one held at 1,100-1,200" F, 
and the other at 1,450-1,600° F. To heat for quenching, transfer the 
preheated tool quickly to a high-heat furnace or salt hath maintained 
at 2,250-2,400° F for 18—4-1 and 18 4-2 types of steel, and hold at 
this high heat f(»r a time sufficient for proper solution of the carbides 
without an excessive grain growth or damage to the surface. For 
small tools, 2 min is suffjcient; for tools 1 in. and up, 4-5 min is 
required. The tools are quenched in nil, air, nr a molten salt bath, the 
latter at approximately 1,100° F. From the oil or bath tpiench, the 
tool is co(dcd slowly to 200-300° F. It is then reheated slowly and 
uniformly to 1,025-1,150° F, held for 1-4 hr, ami then air cooled for 
tempering. Two and sometimes three tempering cycles are necessary 
to complete the transformation of austenite to martensite, and the 
internal stresses are relieved. The transformation is continued to a 
small degree l)y adding a cold quench to -100° F nr lower. Con¬ 
siderable evidence indicates that subzero treatment of a high speed steel 
tool lines not improve the bool’s i)erfnrmance in any way to a greater 
extent than does double tempering. Hardnesses of 62-68 Rockwell C 
are desired. The lowxr values arc preferred for tools requiring 
toughness. 

Each of the several types of high speed steel must be given its own 
individual type of heat treatment in order to secure its best per¬ 
formance. The 14-4—2 steel is quenched from 2,200-2,300° F, the 
Mo-Max type from 2,150-2,250° F, the molybdenum high speed 
steels from 2,150^2,250° F, and the cobalt high speed steels from 
2,325-2,400° F. For forging, the steel should be heated slowly and 
uniformly to 2,050-2,150° F. It is not safe to continue forging below 
1,700° F. Slow cooling after forging is necessary to prevent possible 
cracking from forging strains (sec Metals Handbook, 1948 Ed., pp. 
286 and 663). 
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Furnaces: For luircJoniiig snreil strel, atinnspliprir-cniitrol 

furna''cjs satisfy a denuind for more accurate diineiisional control and 
, a surface nut injured during lieating. Botli electrical and gas-fired 
types of furnaces, where the atmosphere is independent of the source 
of heat, are available. Tliis jierniits control of the atinospherc in 
contact with the work. The ideal atmosphere would be neutral to 
the steel. 

Salt baths: With tools that cannot be grounil after hardening, nr 
when it is necessary to keep tlie surface in the best possible conilition 
anil prt'serve sharp edges, salt-bath heating lor tempering, annealing, 
carburizing, and hardening will give the best results. Fresh salt has 
a dissolving action on the steel, which disappears after tlie batli is 
used ff)r a short time. A sludge gradually forms at the bottom of the 
j)i)t and a heavy crust on the top. These must be renu)ved periodi¬ 
cally. The use of salt baths, various types of whicli furnish tern- 
])(i’atures up to 2,400" F, and types of salt are described in detail 
in iMetals lI<wdhookj 1948, p. 283. From the salt bath, tools are 
r(iienched in hut water to dissolve tlie salts. Lead baths furnish 
temperatures up to 1,700" F (MetaU Handbook, j). 291). As tlic 
vaiiur is iioisunoiis, lead furnaces should he eipiippeil with ventilating 
lioods. Lead liaths do not affect tjinuicliing oils used subserpieiitly. 

To cut hardened high speed steel bars a thin abrasive wheel of 
40"60 aluniinuin oxide grit, bonded witb shellac nr resinoiil, should be 
used. Or the point of fracture .should be nickerl on all four sides and 
should be heated to a dull cherry red (1,400-1,500° F) before breaking. 

SURFACE TREATMENTS FOR HIGH SPEED STEEL TOOLS 

Several surface treatments for high speed .steel tools which can be 
recommenderl for certain applications inclinle nit riding, chromium 
lihiiing, oxidation, superfinisbing or honing, lirpiid honing, and peening. 

Tliese treatments improve tool life by (1) increasing surface hard¬ 
ness, (2) increasing wear resistance, (3) j)reventing seizure between 
tool and chip, (4) lowering the coefficient of friction and lessening the 
heat generated, or (5) distributing the hiail more uniformly over the 
cutting edge. Many of these factors arc interrelated; for example, 
an increase in hanlness reduces wear resistance; tool wear is lessened 
by the prevention of seizure; and seizure becomes less as friction is 
reduced. 

Nitriding by the liquid-salt process is perhaps the most successful 
and widely used. Tools so treated possess exceptional hardness and 
wear resistance, a relatively low coefficient of friction, and a satis- 
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factory rcsisi.iincc to softonin^; at elevated tcniiieraturDS. Tlie liard- 
ened, tempered, and pniind timl sliovdd jireferably l)e preheated in a 
neutral salt batii or an air eonvertion furnace to a teini)erature of 
1,000-1,050° F aiifl tlien transferred to the nitridirif^ batli of a 60-40 
per cent mixture of sodium cyanide and ])otassium cyanide at approxi¬ 
mately 1,040-1,050° F, where it is held for 20-30 min. The tools are 
air cooled, washed in warm water, and dried. They are then ready 
for use. A freshly prepared bath must be aged for about 12 hr at 
1,000-1,100° F to promote the formation of cyanate, the active agent 
of the bath, before being used. 

The thickness of the nitrided case is from 0.0005 in. to 0.003 in. and 
is very hard (see Table VII-7), but the tool must be renitrided after 
the surface is ground. 

Nitriding has shown least effect on twist drills and single-point tools 
and the most benefit on chasers, taps, reamers, form tools and broaches, 
and on some milling cutters and counterl)nres. 

Chrornium plating of high speed steel is applied to increase hard¬ 
ness and reduce frictirjn on such tools as drills, taps, reamers, forming 
tools, files, broaches, cutoff saws, milling cutters, and drawing dies, 
where failure occ*urs by wear. 

An electrolytic bath made up of chromic acirl and sulphuric acid is 
operated at a temjicrature l)etween 110 and 150° F with a current 
rlensity between 120 and 200 amp per sq ft. Thicknesses of j)late 
between 0.0001 in. and 0.00015 in. have Mie highest hardness of 900 
Vickers and the brightest luster. See Table VH-7. 

Plating is also accomiilished by the Electrolizing process, by which 
the chromium is electrically vaporized anrl depo.uted on the tool in 
a vacuum. 

Oxidation of high speed steel tools is used to increase tool life by 
effecting a decrease in the coefficient of friction between the tool and 
the work. Indications are that it is not as effective in promoting tool 
life as chromium plating or nitriding. Oxidation may be achieved 
by heating to about 1,050° F in a steam almnsphere or by treating 
in liquid salts such as sodium hydroxide and sodium nitrite at 
about 285° F from 5 to 20 min. The black oxide coating formed 
will not chip, peel, or crack, and has a thickness generally less than 
0.0002 in. 

Superfinishing has been widely publicized as a means of approxi¬ 
mating the perfection of finish on the surfaces and edge of cutting 
tools that is desirable for long tool life. It has been shown that 
for light cuts longer tool life may be obtained by the keener cutting 
edge and smoother flank and face. The average carefully ground tool 



SINTERED CARBIDES 


103 


has surface roughness of about 25-40 microinehes r.m.s., while tools 
carefully honed have roughness values from 1 to 6. 

Peening with small steel shot is a method for plastically deforming 
and cold w^orking the surface of a material to introduce residual com- 
jiressive stresses. This operation on cutting tools has been reported 
to increase tool life materially. 

Liquid honing combines to some extent the charaideristics of super- 
finishing and shot peening and has been used to improve tool per¬ 
formance. Primarily this is a honing process based on tlie use of a 
fine abrasive mixed with an emulsion and discharged by compressed 
air against the metal surface to be polished or finished. Because of 
the fineness of the abrasive used, the cold working is not as high as 
that caused by shot f)eening. Its success on cutting tools, if any, is 
due largely to the reduction of surface and cutting-edge roughness. 

Cast Nonferrous Metals 

Stellite, first introdured in 1915 and now used in the form of star-.T- 
metal. 98M2 and 2400, is a nonferrous metal. It consists chiefly of 
43-48 per cent ccibalt, 17-19 per cent tungsten, 30-35 per cent 
chromium, and 1.85-2.15 per cent carbon. This material, like Crobalt 
and Deloro Nos. 40 and BO, is cast to any desired shape and is 
finished by grinding. It is brittle and cannot be forged. The outer 
surface is hardest and, thendore, should form the cutting edge and 
face of the tool. Except for slight changes in color. Stellite is not 
affected by heat up to 1,500° F. It is tougher at dull red heat than 
when cold, and is an excellent material for re.sisting abrasive action. 
Stellite cuts best at speeds 50-100 per cent higher than those for high 
speed steel. Recommended shapes for tools of this metal are shown 
in Figs. VII-14 and VII-15. It costs about |8 per lb. 

Sintered Carbides 

Sintei ed-carbide tools were introduced commercially in this country 
in 1928. Three types of carbides are now used: tungsten carbide 
five), tantalum carbide fTaC), and titanium carbide fTiC). The 
carbide or combined carbides are juixeil with a binder of cobalt or 
nickel, and either pressed under heavy hydraulic pressure into slabs 
or ingots from which special shapes are siibscriuently cut, or pressed 
directly into blanks of the desired shape and size. The blanks are then 
semisintered in a nnnoxidizing atmnsfiherp at temperatures below 
1.472° F. In this state, the material ran be further formed, if desired, 
by machining. Next sieji is the final sintering at 2,462-2,822° F, 
and the resulting f)rnduct, sintered carbide, is so liard that its shape 
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can Vjc changed only by grinding. Standard shapes of tips are shown 
in Fig. 18. 

The desired hardness and strength for specific applications are 
obtained generally by varying the proportion of the carbide and 
binder. Basically, all sintered carbides are made from the carbide 
of tungsten. Carbides of tantalum and/or titanium sui)i)lenient the 
tungsten carbide to form combined carbides known as tantalum or 
titanium carbide. 

Sintered-carbide tools usually are made by brazing small shapes 
to form the tool tii)s to the end of shanks of SAE 9155, SAE 2340, 
or SAE 1045 steels. This is necessary, as the sintered carbides have 
about half the transverse rui)ture strength of high speed steels, and 
consequently the tips must be well suj)portefl in heavy, less exj)ensive' 
shanks, Fig. 19. 

A standard yK-in.-sq straight-shank turning tool, lipi)ed with sin¬ 
tered carbide completely ground, is priccil as low as 85 cents. A 
solid bit .of W-Cr-Co cast alloy is priced at 90 cents, while a high 
speed steel bit costs about 25 cents. Both the latter tools must be 
ground to shape, whereas the carbide tool is furnished ground ready 
for use. 

The tips of high speed steel, cast alloy, and carbide may be clamped 
or brazed to the shanks, using copper which melts at 1,983“ F, Tobin 
bronze which melts at 1,625° F, or silver solder which melts at 
1,300° F. The tips of higii spec‘d stetd should be tem|)orcd after all 
but silver brazing. There should be liberal fluxing of the joined 
surface.s with borax. The brazing can be carried out in the furnace 
with or without hydrogen as a furnace atmosphere, or by using a 
nonoxidizing flame of an oxyacetylenc torch. The tool shank should 
be sand blasted or well cleaned with carbon tetrachloride and well 
fluxed. It may be recessed on one or two sides to receive the tip, 
or the tip may be brazed on the top of the tool shank. 

For furnace brazing, the shanK coated with br)rax is preheated to 
1,500° F ami withdrawn. The tip is then inserted in the recess with 
a small piece of sheet copper or Easy-Flo No. 3 between the ti)i and 
shank. The tool is then placed in the high-heat muffle and raised 
to 2,050° F, at which temperature the copper melts to form the joint 
between the tip and shank. Induction heating is also used to heat 
the assembly of the tip, brazing medium, flux, and tool shank. At 
this point, the assembly is withdrawn and the tip is pressed into 
place with a steel rod to squeeze out e^ess copper and fliix. For 
larger or irregularly shaped carbitle tips, tiie sandwich braze reduces 
strains between tip and shank. This consists of layers of flux 0.005 
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in. thick, Easy-Flo No. 3 sheet, flux 0.005 in. thick, Coiistantan sheet, 
flux, Easy-Flo, and flux placed in order between tip and shank before 
heating. Brazing temperature for Tobin bronze is 1,750° F and for 
silver solder, 1,475° F (American Machinist, March 8, 1939, p. 130). 
“ Cinch ” has a working temperature lower than that for drawing high 
speed steel. 

Diamonds and Sapphires 

Diamonds, known to the trade as “ carbon ” or " bort,” are the 
liardcst material known. They may be lapped to smooth surfaces and 
keen edges, and because of their low coefficient of friction on metals 
make excellent finishing tools. Industrial diamonds cost from $5 
fin the rough to {20-$30 shaped, per carat. Tools of sapphire made 
synthetically withstand temperatures up to 3,000° F, can be polished 
to high finish, are nonmagnetic, and have a very low coefficient of 
friction. 

Ceramic Tools 

Experimental tools of ceramics arc brittle but have shown excellent 
heat and wear resistance and have given tool-life values between 
those for tools of cast nonferrous metal anil sintered carbides. 

GRINDING SINGLE-POINT TOOLS 

Cutting tools should be kept sharp by being ground often, rather 
than allowed to become broken down before being replaced. Better 
cutting results, such as accuracy and finish with less power and with 
less wear and tear on the machine tools, will be obtained if the tools 
are kept sharp and never allowed to become extremely dull. Instead 
of allowing each machinist to leave his machine idle while grinding 
tools according to his own judgment, it is better to have trained men 
jnoperly equipped to take care of all tool grinding at some central 
point near the tool crib. Waste can be avoided by standardizing the 
materials and shapes of tools used for various purposes, so that they 
can be ground in quantities. 

In grinding tools, light pressures should be used and the cutting edges 
should not be heated excessively. A tool should be ground either 
completely dry or with a copious supj)ly of coolant i)f water, borax 
water, or emulsion. Tools should not be ground dry and periodically 
•- dipped into water to be cooled, as such temperature changes produce 
minute cracks along the cutting edge, which lead to early failure of 
the tool. Keen cutting edges and smooth surfaces should be provided. 
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Grinding wheels; Soft, free-cutting wheels should be used for 
grinding cutting edges. Specific wheels for each tool material arc 
used as follows: carbon tool steel, high speed steel, cobalt high speed 
steel, and cast nonferrous tools arc best rough ground on a coarse- 
grain (A36L vitrified bond) wheel, and finished on a fine-grain (60) 
wheel operating at 5,000-6,000 fpm. The coarser grains may be used 
on machine grinders and a lower speed of 4,000 fpm on cast metal. 

In grinding sintered-carbide tools, two types of wheels are used: 
(1) Special green silicon carbide abrasive, which is hard and sharp. 
It is bonded into an open, porous, and soft structure. (2) Diamond 
wheels in grits from 100 to 320 grain size. For roughing, on offhand 
or semiautomatic machines, a straight or cupped wdieel of silicon 
carbide abrasive, 60-80 grain, vitrified bond, and soft grade is used, 
such as C60I7V, or a resinoid wheel with 100-grain diamond as 
DIOOLIOOD. For finishing, on offhand or semiautomatic machines, 
a similar vitrified wheel of 100-150 grit is used, or a diamond-resinoid 
wheel of 150-220 grit. For offhand grinding, the wheel should be 
slightly crowned and the tool rocked slowly across the face of the 
wheel, which rotates at 5,000 fpm. Metal and vitrified bonds are also 
used for diamond wheels. 

Tools finisluMl on silicon carbide wheels may be lapped on the flank 
and face for close-limit, precision work on a Belgian iron or vanadium- 
cast-iron lapjnng disk impregnated with No. 4 diamond powder 
(600 grit) or boron carbide, moistened slightly with olive oil, and 
rotating at 500-1,000 fpm. Grinding and lapping should be done in 
a direction against the cutting edge. Lapping shouhl continue until 
all grinding marks arc removed. 

Effective chip control is essential in machining steels at high speeds 
as used with sintered-carbide tools. Normally, long continuous chips 
of large radii are produced which are difficult to handle and are 
hazardous to the safety of the machine operator. A chip which curls 
into a tight helix or spiral and breaks up into short sections against 
the unfinished surface of the work, the tool, or tool post is preferred. 
Chips from metals such as brass and cast iron, which are normally 
broken up, require no special tool treatment for chip control. 

The chips may be controlled by: 


1. Obtaining a proper ratio between feed and depth and sidR-cutting edge of 
the tool. 

2. By the correct combination of back- and side-rake angles. 

3. By mounting a block either on the tool itself or on the toolholder against 
which the chip impinges and breaks itself. 

4. By grinding a chip breaker in the fare of the tool. 
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Several types uf chip breakers arc pruvided, such as the V groove 
in the tangential bar-turning bit, Fig. 30, the shelf ground parallel or 
at an angle to the cutting edge below the normal face of the tool about 
0,020 in., or equal to the feed, and having a width from the cutting edge 



8 4 5^?" 0.02" 
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Radius of Fillet-1 

Shoulder Angle- 

Normal Rahe Angle of Shelf- 

Width of Shelf or Breaker- 

Depth of Shelf or Groove- 


Chip Breaker Character 


0 . 02 " 
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Fig. 26. Chip Breakers, Types A, B, and C. 

Ground-in angular chip breaker, type B, for sintered-carbide-tipped tool, atyle BR. Dimenfliona 
of breaker are for a variable depth of cut uf H ™ a feed of 0.02 in. 


to the shoulder equal approximately to the depth of cut as shown for 
the angular type B in Fig. 26. The parallel type A is used for cutting 
when the depth of cut varies, and the angular when the depth i.= 
relatively constant. For normal turning the chip-breaker angle is 
8-10 deg from the side-cutting edge, but for very shallow cuts the 
chip-breaker angle might be 30-45 deg from the side-cutting edge. 
Another ground-in chip breaker, type C, is obtained by grinding a 
groove in the face of the t/ool bark of the cutting edge so as to leave 
a ridge on the face of the tool of 1-lV^ times the feed in width. 
The groove depth should be not more than O.OtO in., and the width 
from 3 to 4 times the feed. Type D chip breaker may have the 
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ground-in groove with the ridge ground to a 0 or slight negative rake, 
and type E may have a deeper groove with a large fillet between the 
face and shoulder so that the ridge having a 0 or negative rake is 
somewhat below the normal tool face. 



FnJ. 27. A Moilel 72 lligh-Spi'cd, Tnol-Bil (irijuler, SliDwiiii; a C\ip Wheel with a 
Tilting Table on tlie Left and a Straight Wheel with a I’lat Work Support on the 

Jtighl. 

Tlin dtraiKht wliuci, 12 X 2 X 1 ' n >n-i nf A4(iJGV6, ih fur rmiKhiiiK tuul bltfl, and a cup wheel, 
12X4Xl‘2Xl!(i in-, iif AliOJ.'jVlj. fur liniHhing. 

The most satisfactory means of grinding a rhii) breaker in the face 
of a carbide tool is to use a tool and cutter grinder or a surface 
grinder equipjied with a universal vise and a straight resinoid-bond 
diamond wheel of 100 or finer grit. The side of the wheel to grind 
the shoulder should be providetl with a radius of 0.010-0.030 in. 
The tool sliould be set so that the wheel will cover the full width of 
the chip-breaker shelf and feed along the cutting edge parallel to 
it or at an angle, as desired, with an iii-feeil of not more than 0.0005 
in. per jiass until the lu’ojier dejith is reached. Sec Fig. 36. 
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Single-point tools may be ground offhand, that is, with no support 
under the tool. They are more often machine ground while resting 
on a fixed support, on a tabic with a guide, protractor, or vise, so that 
the tool may be adjusted in relation to the wheel, and any angle may 
be ground and duplicated. Machine grinding is much preferred, as 
better surface quality and more accurate angles can be obtained. 




Courtesy Ex-Cell-0 Corp. 


Fig. 28. The Ex-Cell-O No. 49 Siugle-Pnint Tool Grinder. 

This has two cup wIipbIh, 14 in. 0.1). by 4 in. bure by 11 in. rQi;y.sH iliam., with sUieX bark hnriirl to 
].2.'ilJ borp. A 2-hp, l.SOO-rpiri iiiotrir in tin* ba.'^e iirivn.s thi; npinJlr at rpin Ui givn ri.DOO fpin 

uriniliiiK pppiMl. A rurbidp-tiiippii tool is slimvii pusitinniMl on tin* tublu by means ul u protractor for 
Kriiiiliiijn; tin; eiiil-i;iittiiift-L;ilKt; aii^lc. The table is tilted by the crank to the desired relief aiiKle. 

Offhand grinding on an ordinary two-wheel bench or floor grinding 
stand is common practice. Such a grinder witli a straight wheel and 
a flat work rest is shown on tlie right side of the machine in Fig. 27, 
in which the operator holds the tool in the griniling iiosition by hand. 
The results obtained cannot be relied upon to insure high cutting 
efficiency or to duplicate shapes of tools. This type of grinding is 
not recommended except in small shops by trained mechanics. A 
stand grinder with a tilting table and adjustable guide for the tool 
is shown for the cup wheel at the left side in Fig. 27 and in Fig. 28. 
The end relief is being ground as the tool bit is moved across the 
face of the wheel. Such grinders are very convenient for both sinall- 
and large-quantity tool grinding. The table and protractor are first 
adjusted to grind the tool face and then readjusttul to grind the end 
and side flanks. The nose is formed by hand grinding, as illustrated 
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Fiq. 29. Sellers Number 20W Single-Point Tool Giinder for Steel or Sintered 

Carbides. 

Thu tuul rei'iprncatuH paai the wheel face in the tangential plane au an to grind flat eiirfanes with uiily 
a line contaut with the wheel. The toolhohler ib uiuveraal bu the tool can be clamped in any poBition 
for grinding the face or Hank. A rear view of the machine in Hhown at the left; a front view of the tool- 
holder and wheel ie hIiowii at the right. The face of a tipped tool ie being ground. For high H|)eed 
■tfscl tuulB the wheel In 15 in. diam. and in. face of 3B.AB(I-.J6V, and for aintered-carbide toola it ia 
15 in. diam. and H in. face of CB0-15V. 



Courtesy Boyar Schultx Carp. 


Fiq. 30. The Model G Universal Grinding Fixture fur Surface Grinder Magnetic 

Chuck Use. 


A bar turning tool ia ahown clamped in poaitinn fur grinding a chip control groove; a ridge approx¬ 
imately 0.015 in. wdde reinaina along the cutting edge and noae. 
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in Fig. 35. Usually a roughing wheel is on one end of a stand grinder 
and a finishing wheel on the other. 

A semiautomatic tool grinder for large or small single-point tools 
is represented by the Sellers model 20 in Fig. 29. The tool is held in 



Cowtvay Htald MachiriB Tool Co. 


Fig. 31. The Heald Model 2 Tool Sharpener. 

Thn lf*ft end nf the Hpiiiille narrieN a cuarae whKnl, table, and prntrantnr frir ruuKh (rrinding nniall 
BinKb^-|Miiiil tuulH ijr^liiiiiiiury tu KcnuratiiifS th(^ fininhDd cnil with thi* tool clamped in the univerHal 
head with the cup whucl un the right cud of the machine apindlc. The head ia adjusted for desired 
ndief angle, and the swivel stops set for end-cutting- and side-cutting-edge angles and for nose radius. 
Once set, tlie machine goes through an autnmatic grinding cycle. 


a universal vise whieh is adjustable to any desired position, as the 
fare, end, and side flanks are ground. The tool is rocked vertically past 
the face of the straight wheel while fed slowly toward it. 

Tool and cutter grinders such as those used in grinding milling 
cutters, reamers, ete., are also used in grinding single-point tools, as 
the universal vise, Fig. 30, permits the adjustment of the tool to any 
compound angle required. It is good practice to grind the face of the 
tool on such a grinder or on a surface grinder equipped with a universal 
vise to hold the tool or bit to the correct back- and side-rake angles. 
The end and side flanks may then be ground after adjusting the vise, 
or the end and side flanks may be ground more rapidly un a two- 
wheel grinder with a table support provided with a protractor, which 
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is reciprocated with the tool parallel to the face of the wheel. The 
protractor is supported and slides in a slot in the table, as shown in 
Fig. 28. 



CourUvy Nvrion Co. 


Fig. 32. The Bura-way Single-Point Tool Grinder. 

Two maater blocks under the front edge nf the table tilt it to the proper table relief anRle, and a email 
moeter bloek in the toolliolder providee a relief aniK^le tn the tniilliiilder. The aettinK blork for adjuatinj; 
the overhanK of the tool in the holder in relation to the template fur srindinK the end-ciittinK edKe, the 
niMO, and the aide-cutting edge for the single-point tool, is shown at the right nf the grinding wheel. 


This machine has two tilting tables, so that the tool may be roughed 
on one side and finish ground on the other, or one wheel may be for 
finishing high speed steel and the other for sintcrcd-carbide tools. 
AVheels for high speed steel are recommended as A46-.TV for rough 
grinding (60-JV), AfiO-.TV for semifinish grinding (C80-JV), and 
A80-.TV for finish grinding (CIOO-.IV), the values given first for high 
speed steel, and those in parentheses for sintered carbide. 
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Courtesy Norton Co. Courtesy Norton Co. 


ViR. 33. Finish OriiiilinB tlie SiJii- Fio. 34. Finish ChiiiiliiiK iht* ICml- 

iCiiUiiit' Filgc of ft Lpfi-('Ut, Left- Cutting Etign uiiil IVuiit Helii^f wilh ii 

(KTsi't, (?arliirlR-Tipp[;il Tiinl, ITsing a 220-(irit Vitrifii'd IhniiJnil Diamond 

Pnitriirtor 'J'onl (iuidt' and a 220-(irii Whiad. 

\ itriflLMl liondiul Diariiond VMinel 'I’l,,, prulrarlur for liulilin^ tln^ tool ill fidsi- 

Markl'd D220-Pl0(A" I / Hi. tirm iLKuiuNt thu wlmcl u) under thi; uperatur'a 

li:ft hand. 

For rnuKhinir anil finishing with a Nin/rh* wliiM!l, 

II irid-^rit diiiiiiiinil would In* iimciI. Thn small 
stri'iiin Ilf I'.iiiiilsion kreps the wlippl faep rlraii os 
till' tiiid is moviMl slowly back and fiirth acruas 
I hi' faiic Ilf the wJiim'I. 


The surface grinder prnvidfrl 
fixtures is also used for grinding tlic 
universal vise for surfaeo-grinrler 
work is illiistratefl in Fig. 30. A 
seiiiiautomatie grinding iiiaeliinc 
preparing small bits or boring 
tools is illustrated in Fig. 31. 
The Norton Bura-way grinder, 
Fig. 32, has a single eup wheel 
and a table which may he tilted 
to any angle from the horizontal 
by means of blocks. The tool is 
held in a toolliolder, the ipiper 
jiart of which holds the tool and 
also is tilted by means of an in¬ 
serted block. With the tool and 
holder at right angles to the end 
of the wheel, a relief angle equal 


with a universal vise or spneial 
face and flanks of tools. A special 



Courtesy Norton Co. 


Fin. 35. The Nose Hudiujs on a Car¬ 
bide-Tipped Tool Ik Heiiig Cheeked 
against, a Radius (jiage art.er Being 
Ground on the Faee of a Cupped Dia¬ 
mond Wheel. 


to that of tlie table plus that of 

tile toolliolder is ground. As the tool is swung to the side, the angle 
of the toolliolder is minimized and a smaller relief angle is jirovided 
for the side-cutting edge. The toolliolder carries an enlarged tern- 
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Fin. 36. The Model CH-77 Chip Breaker and Diamond Finishing Grinder. 

The cup iliMinuniJl wheel is muiinled un the left, nnd the straiEht whtMil fur icrinilinK chip bruakers 
iH oil the riKhl. The tool in the vise is traverHcd in the plane uf the wheel while the work i.s bein^ raised 
to depth. The ehip-broaker adieel, 4-6 in. diain., in. face of in. hole, is desiKiiated as D32()- 

plate of the tool profile, which bears against a straight edge under 

the grinding wheel, so that tools 
of the same shape can be ground 
in large quantities. 

The Hager carbide tool grinder 
has two double-faced wheels and 
is equipped with a universal vise 
to hold the tool, which can be pre¬ 
sented to the left face of the left- 
hand wheel for rough grinding, 
then transferred on a notched bar 
to the same relative j^osition of 
the right-hand wheel for finish 
grinding. Also, the tool may then 
be adjusted and rough ground on 
the right face of the left-hand 
wlicel and then transferred to the 
corresponding position of the right- 
hand wheel for finish grinding. 

A two-wheel grinder with tilting 
table with diamond facing wheels 
for sintered-carbide tools is illustrated in Figs. 33-35 to show the 
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CourUav Norton Co. 


Fin. 37. DubViing Off the Keen Cutting 
Edge of A Carbide-Tipped Tool at a 
45-deg Angle to the Top Faee for a 
Width of about 0.004 in. Prevents 
Chipping of the Cutting Edge on Heavy 
Cuts in Stoel. 

A in. X Ma in. X 4 in. 32()-Krit dimnond 
vitrilind bonded hand hone, marked D320-V1 IB, 
IN UNod. A Nilicnn earbide abrasive stick marked 
37C2S0^NV may also l>e used for this purpose. 
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surcessive nperatinns in grinriing the side, end, and nnse radius nf a 
tipped tool. The chip breaker is being ground in Fig. 36. 

* Figure 37 shows the method of honing the face and flank and dubbing 
off the keen cutting edge of a sintered-carbide tool for improving its 
performance in turning steel. 

QUESTIONS 

1. Dr'fini? n sinKle-poinl tool and name its prinfipal parts. 

2. What arc the piinrii)al angli'S of a sinRlp-point tool, whii'h infliinnrc its lool 
lifp and the raitlinK forms? Drscribr the c-hararlor inpirscntinp; thp shape of a 
singlr-point tool. 

3. What is mcanl by a tiy)ppil Innl? Nanin tlu* inatnrials whii’h am iispd 
^as lips. 

4 . Nanip pipht lool mainrials usrd for singli'-puiiit louls and stato llin r-haiai!- 
tpristiivs of parh in ipnard to liardnpss, hnl harilnpss, and pprnissibln I’UllinK 
s])ppds. 

5. What are some of the surfare trealniPiils gi\ r*n high speinl si eel tools and 
what is the advantage of each? 

6. What types of grinding wheels are used for shmpening high speed steel 
tools? 

7. What two types of grinding abrasives an? made up into wheels for grind¬ 
ing sintpred-eai’bidp tools? 

8. What is meant by a chip breaker and when sliouhl it be used, eonsidi'ring 
thp tool material and material eiit? 

9. Name and describe several types of grinders for singli'-iiuint Inols. 

10. Explain the difference between true rake, sidi* rake, Miid normal rake. 

11. Explain the difference between side ri^lief, normal side relief, and normal 
side clearance. 
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CHAPTER VI 


CUTTING FLUIDS 


Definition 

('utting fluirls, freciuently referred to as lubricants or coolants, com¬ 
prise those liquids and gases which are applied to the work and tool 
to assist in tlie cutting operation. 

In metal cutting, it is desirable to have high cutting speed, long tool 
life, low cutting temperature, low power consumption, the best surface^ 
finish, goorl chip removal from the tool, with work and machine free 
from corrosion. In different operations tliese factors vary in imjior- 
tance and usually some arc obtained at the expense of others. For 
instance, in heavy roughing cuts, tcmjieratures which affect distortion 
and surface finish are of little consequence, and maximum removal of 
metal per tool grind is of most importance. In screw-machine work, 
how’ever, surface finish, dimensional accuracy which affects inter- 
changeahility, and long tool life arc of great importance. 

Purposes 

The purposes for which cutting fluids arc used may be summarized 
as follows. Each may be realized with varying degrees of success. 

1. T[) fO[il the tool, iirnvcnling its In'ing hriiled in high iRiiipcrfitiires, ilicrphy 
rnihii'inR it.s hiirdnt'SH sinil rc.sistanpc to abnisinn. Tools wear faster at higher 
teiiiperiiluiTS. 

2. To ronl the work, preventing its being marhined in a warped shape resulting 
in iniirrnrate finiil dimensions. 

3. To liihrifatn: in) thereby the energy nr power consumption in removing 
melal is redured; (h) abrasion or wear on llie ruliing tool is rediierd, thereby 
iniireiLsing the life of the tool; (r) by .'irtue of lutiriealinn, less heat is generated 
anil the tool therefore operates at lower tempera In res witli the tendency to 
extend tool life; and (r/) chips are liolped out of the flutes of drills, taps, saws, 
broMclies, etc. 

4. To provide a gonil finish of (he work. 

5. To cfiiisp chips lo break up into small parts ralher than remain .as long rib¬ 
bons which are hot and sharp and freiiuenlly difficult to remove from the 
machine. 

B. To wash the chips away from the tool. This is particularly desirable in 
deep-hole drilling, hack sawing, and milling. 

The properties desired in any kind of cutting fluid may be sum¬ 
marized as follows: 
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1. High heat absorption. Thn time rale of heat absorption or thermal i:on- 
(JurLivity presumably is of greater importanpp than high speeifie heat. 

2. Good lubricating qualities as oiillined iiniler (3) of Purpimva above. 

• 3. High flash point, not liable to spontaneous eoinbustion, so as to eliminate 

the hazard of fire. 

4. Stability, so as not. to oxidize in the air nr give rise to gummy dei)Osit.s on 
tin* sliding surfai'es of the maehine. Solids should not separate out at ordinary 
w0rkiiig tcmp eratures. 

5. The coinponenLs should remain neutral. 

fi. Hemain odorless even when lieated or after continued use. 

7. Sliouhl be harmless to skin of operator, avoiding high acidity, excessive 
drying, or carrying bacteria. 

S. Harmless to the bearings of the machine even if mixed with the machine 
luhricaiils or ajiplied ilirectly to the bearings. 

9. Noncorrosive to the work or the .machine. 

10. Fair transparency for many operations so that the i‘utiing action of the 
tool may be nbservi'd. 

11. Low viscosity to permit free flow from work kiack to storage tank and to 
1 1 rip fioin chips. 

12. Low priced and readily obtainable. 


Classification 

Cutting fluids may be elassud us follows: 

1. Dry or air used as suction or blast (D). 

2. Water, either plain or containing an alkali, salt., or waler-solublt^ adilitive, 
lait little or no oil or soap (W8). 

3. ,\n emulsion (W Km), which is a mixture of w;i1nr anti a soliibh’ oil (W 
Sol 0) or paste (W Sol P) in which water carries coinbinations of oil, fats, wax, 
or i:lieini[-ids in colloidal or finely disyierscil suspension. 

4. Straight oils: (a) straight mineral (iietroleum) oils (MO), kerosene (K), 
low-viscosity iietroleum fractions, .such ms mineral seal (MS), or higher-viscnsil.y 
mineiMl t)ilH (MO); (h) slraight fixeil or fatty oils (FO) consisting of animal, 
fish, vegetable, or synthetic p[|uivalenls; lard oil (TjO). 

5. Mixed oils, a cninbinatinn of straight miniTal ami straight fatly oils, such 
as mineral-liird (MO LO) and inineral-fatty oils (MO FO). 

6. straight nils or mixed oils may be sulphurized or chlorinated or contain 
other elements or substances, such ms gruphite, mica, talc, or iihosi^horoua com- 
imunds. 

For example, a sulphurized mineral oil (S A10) is a mineral oil 
containing effective sulphur compounds; a chlorinated mineral oil 
(Cl MO) is a mineral nil containing effective chlorine compounds; a 
sulphurized-chlorinatcd mineral oil (S Cl MO) is a mineral oil con¬ 
taining effective suljduir and chlorine rninpoimds. 

.. Cutting oil bases (BO) arc concentrates usually designed to be 
blended with mineral nils to meet specific requirements. A sulphu¬ 
rized base oil blended with 10 parts of light mineral oil to give a 
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final oil of 140 SSU at 100° F would have a character of S BO MO 
(1-10) (140 vis.). 

Water emulsifiable " soluble ” oils (W Sol 0) or pastes (W Sol P) 
are f)re[)ared fluids or pastes designed to be mixed with water to form 
emulsions (W Em) to meet the requirements of each job. 

The Application of Cutting Fluids 

Air as induced draft is often used with internal and surface grinding 
and polishing operations or on grinding and boring operations on gray 
iron. Its main purpose is to remove the small chips or dust from the 
air, although some cooling is obtained. 

Aqueous solutions, containing about 1 per cent by weight of an 
alkali, such as borax, sodium carbtmate, or trisodiuin phosphate, have 
high cooling properties and have sufficient corrosion-prevention prop¬ 
erties for some jobs. They are inexpensive and are sometimes used 
for grinfling, rlrilling, sawing, light milling, or turning operations. 

Emulsions form the greatest volume of cutting fluids used today. 
A soluble oil or paste consists generally of mineral oils held in sus¬ 
pension by an emulsifying agent such as sulphonated oils or soaps. A 
" cou])ling agent ” or mutual solvent such as alcohol or glycol is com¬ 
bined in the siduble oil. When mixed with water, the soluble oil or 
paste produces an emulsion which usually looks like milk, although 
some are clear. The use of hard water is inadvisable, but with a 
softener it may serve adequately in some cases. The small particles 
of oil are held in suspension in the water in such a manner that sepa¬ 
ration due to differences in specific gravity or density is very slt)w. 
These solutions, consisting of 1 part of the oil to 10-100 parts of 
water, depending upon the oiliness required, have a low viscosity and 
high specific heat, are oily and noncorrosive, and give very good 
results at low cost for practically all types of metal cutting and 
grinding when machining all types of steel, aluminum alloys, malleable 
cast iron, etc. 

For most operations, a solution of 1 part soluble oil to 20 parts water 
will be satisfactory for turret-lathe work, some screw-machine work, 
gear bobbing, milling, and drilling. The mix of the emulsion is often 
determined by the rust-prevention requirements of the metal being 
machined, or the lubrication requirements nf the machine, and not 
by the actual machining operation. 

A wide variety of oils is used in the metal-cutting industry. The 
oils are used where lubrication rather than cooling is essential or 
where a high-grade finish is desirable. In general, the specific heat 
of oils varies between 0.4 and 0.6 as compared with unity for water. 
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The mineral oils are available in viscosities ranging from 35 (sec¬ 
onds Saybolt Universal) (at 100° F) for kerosene, 45 for mineral 
seal, and 75-250 for the heavier oils. As straight oils they have a 
limited usefulness in metal cutting, probably because of their low 
degree of adhesion or lack of oilincss. They are very stable and do 
not have many disagreeable features characteristic of fixed oils. 
Their specific heat and price are relatively low. The low-viscosity 
oils (MO, 100 vis.) arc used for high-speed screw-inacliine work fur 
turning and shaping steel, copper, brass, and aluminum alloys. The 
heavier oils, usually containing a small amount of fixed oil or sul¬ 
phur, are used for broaching and tapping. The lower-viscosity oils 
are usually more transparent, flow more freely, allow small chip 
iparticies to settle out quicker, and give a greater recovery from the 
chips. See Table 1 for properties of some mineral oils. The autog¬ 
enous or self-igniting temperature of kerosene is about 482“ F, the 
fire point is 155° F, and the Cleveland open-cup flash is 150° F. 

The fixed oils differ from the mineral oils in that they are saj)oni- 
fiable, i.e., soap can be made from them with the aid of soda or potash. 
They have higher flash points, greater adhesiveness or oiliness, rela¬ 
tively higher specific heat, and a slower change of fluidity with a 
given temperature change. On the other hand, they are much more 


Table 1. Phoi'erties or Some Tyi’Ical Mineral Oils* 


Mat/crial 

PrrMlui^er 

Rraful 

Grade 

API 

Viscosity 
at 100“ i’ 

Cleveland 
()peii-('up 
FljLsh, ” F 

l''iie, 

“ F 

Piiur 

Color 

NPA 

Miiierul Seal 

Sinclair 

Ref. Co. 

Mineral 
Seal 300 

38.5 

40-44 

205 

3(K) 

30 

1 

100 at 100 

Gulf Ref. 
Co. 

N eutral 

2!) 0 

103 

360 

420 

25 

1 

100 at 100 

Shell HVI 

Neutral 100 

32.0 

120 

370 

125 

5 

VA 

lUO at 100 

Suii Oil 

Co. 

Solvent 

Refined 

#100 

30.5 

150-100 

400 

400 

0 

l~VA 

160 at 100 

Texaco 

150 Pale 

20.0 

150 

310 

300 

5 

Pale 


• Cniirteay W. H. Oldacre, D. A. Stuart Oil Cu. 


expensive, become rancid, liberate free fatty acids, develop disagree¬ 
able odors, and become gummy or dry w^hen used as straight oils sub¬ 
jected to the high heat developed in the cutting area. 

Of the animal oils there are lard, tallow, neatsfoot, wool, horse, 
sperm, whale oils, etc. Lard oil has been used for years as the best 
cutting oil for difficult work, such as threading and tapping, because 
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of its oilincss or high degree of adhesion to the metal. It is now used 
principally for compounding or as a base for soluble oils and sul¬ 
phurized oils. 

Fish oils are not used extensively in metal-cutting operations be¬ 
cause of their odor. Vegetable oils having slow-drying properties, as 
required of cutting oils, arc used principally in compounding. These 
oils consist of olive, corn, rapeseed, cottonseed, castor, and soybean 
oils, and the distillate oils (not fixed), such as turpentine and resin. 

Most of the oils used for metal cutting are mixed. In this way, the 
good properties of the mineral and fatty oils are combined. Mineral- 
lard oil is a term often used to designate such a mixed oil. From 
5 to 50 per cent lard oil is added to the mineral oil (MO LO, 19-1). 
Sometimes 1-5 per cent free fatty acid, such as oleic, is also added 
Alixtures are used successfully for turning, drilling, reaming, inilling, 
taj)ping, and threading steel, wrought iron, brass, bronze, and alumi¬ 
num. They also are used extensively on screw machines and gear¬ 
cutting machines for finishing work. Lard oil and turpentine in 
varying proportions are used for machining aluminum, very hard 
steel, and drilling glass. Lard oil and kerosene are used for milling 
aluminum and copper. 

Sulphurized oils are now used as all-round cutting fluids for rapid 
jjroduction involving good surface finishes and close tolerances on 
metals difficult to machine. By suli)hurized oils is meant those nils 
which contain sulphur in a chemically active state. Flowers of 
sulphur may be stirred into light mineral oil for use in wire-drawing, 
press-working, or metal-cutting operations. The suli)hur, however, is 
apt ti) settle out of the oil and its benefit be lost unless it is constantly 
agitated. Cutting-oil manufacturers arc now i)roducing, by various 
processes, niineral oils IniA'ing chemically active sulphur up to 3 
per cent in iiermancnt combination. These oils are purchased ready 
for use. The sulphur aids materially in preventing seizure between 
two metals, and for this reason is used for extreme pressure lubrication. 

A sulphurized base oil is also available which consists of a fatty oil 
carrying 6-12 per cent active sulphur in chemical combinatij)n. These 
base oils arc usually of high viscosity and very dark in color. They 
are diluted by the user with 5-20 j)arts of low-Adscosity inexpensive 
mineral oil such as 28 gravity paraffin or red engine nil to meet the 
requirements of each job. With 6-12 part^ of a light neutral oil, a 
clear amber-colored liquid is obtained very suitable for automatic 
screw-machine work. 

Large quantities of these sulphurized oils arc used with great suc¬ 
cess oh automatic screw machines and various sorts of high-speed 
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oi^crations. Tlu'y arc particular)}^ advantageous on those operations 
involving tough, stringy, and unusually soft metals, such as Monel, 
jiickel, stainless steels, wjought iron, and other metals difficult to 
machine. Operations on Avliich they excel include threading, broach¬ 
ing, reaming, gun drilling, and screw-machine work. The sulphur 
will stain some metals, such as brass, copper and aluminum, and for 
that reason may be objectionable. 

Some sulphurized oils, which also contain chlorine, have been found 
lo giA'(‘ satisfaction in all types of metal-cutting operations. Sojue 
mineral and base oils containing only chlorine also have shown 
excellent machining pro])erties. There is ihinger, however, of the 
lilaaation of free chlorine, which may ])rove objectionable. Certain 
•materials, such as carbon tetrachloricle, are very beneficial in ma¬ 
chining hard ami tough steels or soft metals, but shouhl he list'd only 
NN'itli the greatest care, as with chloroform and other highly Aa)latile 
solvents harmful physiological effects may follow. 

Some metals retpiire siiecific tyjies and apidications of cutting ffuids 
which may be summarized as follows: 

1. Ill mucliining aluminum Hie culling bi? iloiin dry, V)iit for better tool 
life uiiii surfai'e firiish, linht ininertd oils are used. Kimosi'ik' lias ])i'i'iiliar prop- 
iM'lies wliiili serve this jiurjiose. Low-vis rosily oils, siiili as mineral seal or iriin- 
'•riil seal lilenth'd willi keioseiie, also give pooil results. Kerosene, up to 15 per 

■l eiil, is fretjui'iil ly aibhal lo emulsions to improvir tlie inafliined surfare ipiality. 

ery eare a^iaiiisl Uie hazard of tin' must be (aken when usinK kerosene and 
I lie li^ht oils. 

2. In inai'hiiiing brass, which shows no change in ciitliiig forces witli various 
inllinj': fluids, it is advisable In apply tlie eiittinp fluid to funrtion aa a coolant. 
Iiiasimifh as most free-culling liiass is machined in autoiiialif; screw inacliinRS, an 
oil is aihdsable lo lubricate the iimviiii!; parts of the machine and serve as a 
ciittinK fluid. A jiaiaffin or light mineral oil may suflice, or the liKhl mineral nil 
mixed willi 10 imm- ceiil fatly oil may be ii.sed to advantage. Bronze and copper 
are inore often mardiiiUMl wilh the mixed iiiineral-lard oil. 

3. Cast iron is gemaally turned dry, as ewen water com{)nunds tend to collect 
ihe chips in tlie form of iiiuil in the macliines. If chip separators arc provided, 
Wilier compounds, suih as emulsions, increase tool life or permit higher rutting 
s]ieeil.s with botli high spenil steel anil sinterod-carbirln tools. Large volumes 
shouhl be used. In grinding it is common practice to use water compounds or 
Wf'ak emulsions. In tapping, emulsions may be used but better results are 
obliiined wilh sulidiurizeil oil or wdiile lead. Cutting fluids are discussed for 
each material iinflei- the various proce.sses. 

4. Magnesium and its alloys are usually machined with a very low-viscosity 
mineral oil, such as ininer.al seal oil, except where it is ilesirable to machine dry. 
^Aaler compounds should nol be iisnil, as I hey create a serious fire hazard. A 
Mipply of jiowilered asbestos oi- graphite or ca.st-iion chips shoiilil be kept handy 
lo smother a fire, just in case. A ]>owderod extinguisher, known as G-1, is 
marketed liy Ihe Pyrene Co.; it was developed jointly by the Pyrene Co. and 



122 


CUTTING FLUIDS 


the Dow Chemical Co. Tools should be kept sharp to avoid sparks, and heavy 
feeds should be used, as thin chips bum more readily. Chips should not be 
permitted to accumulate on the machine. 

5. In turning Monel metal, it has been found that an emulsion gives a slightly 
longer tool life than a sulphurized mineral oil. The latter, however, produces 
bruken-up chips, which in many instances are desirable. 

6. Steel is machined under a wide variety of conditions. Cold-finished bars 
are usually machined in sen^w machines or automatics where light mineral oil, 
a mineral-lard oil, or sulphurized mineral oil is most satisfactory. Castings and 
large parts may be machined with emul.sions, which are often very satisfactory 
and of low cost. Threading, drilling, broaching, and other slow-speed operations 
usually rei|uire a lubricating oil, .such as a mixed or sulphurized oil. 

7. Zinc, usually in the form of zinc die castings, may be drilled, threaded, 
turned, and milled with water emulsions. The ])arts should then be washed in 
an alkaline cleaner, rinsed in hot and cold water, and dried. 

Storage and Circulation of Cutting Fluids 

Cutting fluids arc not used in many metal-cutting ojierations for 
the reason that the machine tool is not equij)i)ed with the necessary 
facilities ret|uired to circulate the lirjuid to and frimi the tool. The 
older job-shoj) machines arc frequently provided with fi ririp can having 
a capacity of 2-4 qt so that, when desired, the cutting fluid may drij) 
or flow in a very small stream onto the work and cutter and be 
collected in the drip i)an or on the table. This is an inexi)ensive 
accessory and does furnish a means for some lubrication and c[)oling. 
A rutting fluid supplied from the drip can or from an oil can or wet 
brush frequently imjiroves the [)erformance of the tools used, sucli as 
in tapping by hand or power, threading in a lathe, nr in light milling 
ofieratinns. 

The storage, filtration, aiui cireulation of cutting fluids receive a 
great deal of attention In tiie design of modern production inachines. 
Even machines of semiproiluction and toolroom ty[)es now either are 
equipped with a storage and circulating system or are so designed 
that one may be added conveniently. The modern machine has ample 
storage space, usually in tlic base or lower ])art of the column. A 
gear- or ccntrifiigal-tyi)e |mm]) delivers the liquid to the cutter. The 
cutting fluid, to be most effective, should be distributed in a large 
volume directly on tlic work ahead of the cutter. Frequently the 
cutter itself is flooded. The larger the volume and velocity of appli¬ 
cation, the better the cooling effect and the quality of finish obtained 
The power, too. is reduced with the greater quantitic.s of cutting fluiri 
used. From 3 to 5 gal per min at a temperature of 70--85° F per 
single-point tool is desirable. Frequently, in multiple-turning ami 
milling operations, 40-fl() gal of liquid flood the cutter each minute. 
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AViifii rutting strel with sinterud-carbirlc tuuls, it has buen found 
rsjirrially beneficial to apply tlie li(piid between the work and tool 
Jiank in large quantities at a constant rate. 

Large settling tanks should be ju’ovided in these installations so 
that the sediment and fine chips in the oil may settle out before it is 
recirculated. The liquid often is filtered or passed through a magnetic 
separator as it flows by gravity from the cutter back to the storage 
tank, so as to remove small chips and foreign matter. The low-cost 
emulsions can be changed every few days, but the more cxi)ensivc oils 
must be treated carefully. The oils from the self-contained units are 
removed from the machine to be filtereil and sterilized before being 
used again. In large production, the chips from the machines are 
'))laccd in a centrifugal extractor to reclaim the oil, which is then 
(rcated and again put in service. 

Frequently in largc-productioii shops a continutius system for cir¬ 
culating, purifying, and filtering the rutting fluid is provided so that 
the litjuid may be delivered through pipes to a whole battery of 
machines. These systems may have filtration or centrifuging devices 
for cleaning the liquid each time it is circulated. Cutting fluids may 
become contaminated by picking up lubricating oil, slushing grease 
on the machine or stock, dirt and filth from handling, vapors from 
the atmosj)here, etc. Frequent change or treatment of inexpensive 
•water emulsions and solutions is desirable. The liquid may also be 
sterilized at intervals by heating it to the j)asteurizing temperature 
of 140° F for not less than 20 min. Cleanliness of the cutting fluid, 
niachirie, and operator is imperative if coiitainiriation is to be avoided. 
Frequently disinfectants, such as crude carbolic acid (1 part in 500 
of liquid), or USP crcsol (1 part in 1,000), are added. 

The Selection and Use of Cutting Fluids 

In all cases where equii)inent ])ermits, a relatively large quantity 
'of cutting fluid directed on the work and cutter is advisable. The 
selection of the best type anrl quality, however, depends upon the 
actual operating conditions and involves the type of machine, stor¬ 
age, metal-cutting process, metal cut, tool material, and specific 
operation. With the central storage system, only one quality of 
cutting fluid is available for circulation to all machines in the battery 
J^erved. The machine with self-contained storage permits use of a 
specialized type. 

-- There appears to be no fixed rule for the selection of a cutting 
fluid for commercial use, and practice varies widely. Frequently 
any one of several will serve adequately. One may be found to work 



124 


CUTTING FLUIDS 


satisfuctorily on a difficult job, with no aderiuatc cxj)lanation, even 
after others have failed. The performance of cutting fluids does not 
follow t!ie results of tests with them as lubricants, and data of specifie 
heat and thermal conductivity for the various ty])es are lacking. The 
type of machine used, or the type of operation, lias a bearing on the 
selection. In turning, drilling, threading, reaming, milling, sawing, 
gear shaping or bobbing, broaching, grinding or honing, different 
factors arise which may indicate the need of cooling or lubrication, 
or the superfluity of lubrication. 

Oils imjU’ove surface [piality when the cutting .speeds are low. 
Fig. VII-24, and they lielj) remove chips from the chip sjiace of 
broaches, taps, dies, drills, and saws. Any id' tliese cuts may be heavy 
for roughing or light for finishing. At high speerls tlie water emulsions 
and low-vi.scosily oils function better. Tlie suliilnirized and fatty oils 
are more effective on metals of greater touglmess and for finisliiiig cuts. 

The setup on a screw machine or turret lathe may combine several 
types of cuts (involving roughing anil finisliing), such as tinning, 
drilling, reaming, and tlireading, so that the cutting fluids must he 
selected for the most important feature. The cutting fluiil may flood 
the spindles and moving surfaces of the autoniatie screw machine 
anil, therefore, must possess good hil)ri(‘ating iirojicrties. Suljihurizeil 
oils should not be used on machines with Inonzi' spirnlle bushings. 
For general griniling, water emulsions or solutions are satisfactory. 
For high-precision thread and form grinding, low-viscosity .suljilui- 
rized oils are u.sed. 

Water solutions give an increase in cutting speed of 10-30 per cent 
over dry cutting. Water enndsioiis arc next in effectiveness, with 
the oils giving 5-lt5 per cent greater speeds than dry cutting. These 
values correspond to 100-2,000 per cent increase in tool life, Fig. 
VII-IG. The effect of cutting fluids on tool life, force, power, etc., is 
discussed in connection with various types of tools and machines in 
the following pages. Tyiies of cutting fluids are recommended for 
turning various metals in Table VIT-2 (“ Cutting Fluids — Their Use 
Surveyed,” Mctnl Pj'ogress, June, 1938, p. 584). Other specifir recom¬ 
mendations arc given for various processes in following chapters. 

QUESTIONS 

1 . Wtiat is mrant by a rutting fluiit? 

2. Whal is innant by a liibrirant? 

3. E:{plain the ilitTerence in prrformiinnp between a liibrirant a.s used on draw¬ 
ing dies and a rutting fluid a.*? used on a rutling tool. 

4 . What are thn fartors whirh enter into the best rondilions for metal rutting? 

5. What arc the purposes of a rutting fluid? 
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6. Nfimp twelve properties rlesired in any piven rulting fluid. 

7. Classify rutting fluids. 

8. Explain llie difFermei' between a siilidiurized mineral oil and a sulphurized 
fixed-uil base. 

9. What would you eonsider the (wo best types of rutting fluids to stand¬ 
ardize on if VfJii were oiierating a small idant anil wantefl to use but two types 
of cutting fluids? 

10. What are the ailviintages of the plain mineral oils over the fixed oils? 

11. In opeiating an aulomiitir screw niarldiie, which types of oils would you 
use when cutting (rr) free-cutting brass; (h) free-rutting Besscaner sciew-slock 
steel; (r) an alloy steel, such as SAE 2.130? 

12. Compare the virtues of the central storages system for rutting fluirls with 
those of the self-contained type. 

13. What is (he practici' of using rutting fluids when machining luist, iion? 

14. What care should be taken to previ'nl infection from rutting fluids? 
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MACHINABILITY —SINGLE-POINT TOOLS 
Definition of Machinability 

By machinability is meant the response of a metal to machining. 
This involves the performance of the cutting tool and usually the 
assistance of a cutting fluid to facilitate the n])eration. (hiod luachin- 
ability implies satisfactory results in machining and is manifest in 
one or several results, as follows; 

(a) Limg tijol lifi' fnr jl Kivon (‘ullin^ spppd, or ii hiKli rutting hppemI for .'i 
HIuM-itif 1 01)1 lifp, or uiiirorinily in ix'iformanre baseMi on laillini' K])pril ami tool 
life. 

(f)) Hiisli surfai'c ciiudity of llii' inarliiiiiMl surfarc. 

(r) \Vi'll-l)i'oki'n-up I'hiiis for na.'^y (lisi)osal. 

[il) Low powi'i' I'onsuinption in mnovinfr a ^ivi'n i|iiiinlily of material. 

(f ) Uiiifoniiily in iiinir>n.Hional ai-i*urai-y of sui*i*PH.sivi* parts. 

(/) Maxiimiin iiielal n'liioval per tool ^riiiil. 

(f/) Removal of each unit of metal at the lowest ovi‘i-;dl eost, etc. 

The performance of the cutting tool is influenced by its shape, the 
material cut, the cutting fluid, and the conditions of operation. Also 
the machinability of the metal is dependent to a large degree upon 
the tool doing the cutting, the fluid applied, and other influences such 
as its chemical analysis, hardness, and metallurgical structure, size of 
cut, and all factors liaving a bearing on the process. The performance 
of a cutting fluid is definitely associated with the manner of applica¬ 
tion, the material to be cut, the type and shape of tool, the cutting 
speed, and size of cut. 

Machinability is not a basic standard, but is relative. The rated 
machinability of two or more metals (or tools or cutting fluids) being 
compared may vary for difTerent processes of cutting, such as heavy 
turning, light turning, forming, milling, drilling, sawing, broaching, 
or grinding. 

Good machinability indicates satisfactory tool life, good machined 
surface quality, low force, energy, or power, well-broken-up chips, 
and consistent dimensional accuracy, either collectively or singly, 
depending upon which of these objectives is the one most desired. 
Many times one or more objectives must be sacrificed to obtain 
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otluTS. Tlii'se ubjectivr? are not neecssarily ponijiatible, so that carh 
machining job must be set ii]i with the most favorable rutting tools, 
materials, and cutting fluids. There is no single conclusive manner 
of determining the machinability rating of materials cut, cutting tools, 
or cutting fluids. One type of material of a number, for examjde, may 
give tiie best tool life, but another may provide better surface quality 
and a third the best-brnken-u[) chips, etc. By keeping two of the 
elements, such as tools and cutting fluid, constant, and varying the 
third, metal cut, the optimum combination can be determined as it 
affects tool life, surface finish, cutting forces, form of chip, and uni¬ 
form dimensional accuracy, etc. 



After E. 0. Herbert. 


Fig. 1. Chip Formation of Free-CutLing HraHH Rod. 

TIuh showH little diHUirtiiin uf thu Btrunturi: uf tliR iiiLdal furmetl iutu i;lii|i8. The time hardness of 
the uncut metal was about 111, that immediately ahead uf the lust chip removed 24, and that uf the chip 
just separated 25.8. The increa.se in hardness induced by the tool is 3B per cent. (10 X) 


Tool Cutting Action and Chip Formation 

, Chips formed of brittle metals: When cutting brittle metals like 
cast iron and free-cutting brass, Figs. 1 and 2, most of the chip is 
removed with little distortion by a pressure on the tool face back of 
the cutting edge. Bras.s chips usually are compressed and remain in 
fairly equal sizes, whereas cast-iron chips are broken into particles of 
various shapes and sizes from lumps to dust. In the case of cast 
iron, metal is pushed off by the pressure built up on the tool face, and 
the rutting edge of the tool scrapes over the machined surface, re¬ 
moving the irregularities. Because of this method of cutting and the 
abrasive character of the metal, the tools fail by abrasion on the flank 
between the tool and w^ork. 
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Chips formed of ductile metals: Cliij^s i)f ductile mdals are rc- 
iiioved by varying i)ro])ortioiis of slicnr, lirar, and flow. This results 
in three general types ur shapes of chips, such as the discontinuous or 



Fin. 2. A IS-ili'.R Bmik-Haki; Angle Planer Toni Indiiuited at the Itighi Removing 
a Chip 0.020 in. in Oupth from (kist Iron; the Brittle Nature of Uie Matei’ial is 

111 dilated. (55 X) 



Fin. 3. Formation of the Seginenial or Disroiitiiuious Ty])e Cliip When Removing 
Annealed Low-Carliun Steel with an Eiid-('ultiiig Shajier Tool Having Ifi-deg liack ' 
Rake witli a Depth of (vut of 0.020 in., When Making 0 Slrokes piM- .Minute, JOaeh 
Stroke ti ‘ 2 ia. Ijong, .Average Cutting Sjieed 10 fpm. 

At the lufl the rultinic iMliie Ih just iiii'kiiie u|i Ihe eliiii: in tlip I'eiiter il lius prnKri'sseil; and ut Iho 
right a cuinplete I'lement uf thi* idiip is fiiniieid tin the tuid fare, wlueli is lu'iiig sheared ulT, after which 
a Boaunil eieiiient will be starti;ii. 

segmental, continuous with an apjm’ciablc built-up edge, and con¬ 
tinuous with little or no built-up edge. 

At very low speed.? (usunlly less than 30 fpinl. the chip is removed 
by shear and tear to form discontinuous or segmental cliip.s shown iri ^ 
Fig. 3. At average cutting speeds for high speed steel tools (approxi- 
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niatcly 35-200 fi)in) a built-u]) is formed just after the cut is 

started, as shown for iiluinimiin in Fig. 4, and for steel in Fig. 5. It 
^appears that, when the cut is started in ductile metals, the material 
hearing on the tool face is trapped and compressed against the fare 
of the tool by the frictional force on the tool face and the compressing 
or shearing force. This metal becomes the built-up edge which is 
forced into that being cut as the tool advances. Figure 5 shows that 



Tig. 4. The Built-Up Uilge of ('fist-Aliimiiiuin Alloy (8AJC 12) on Pltini*r Tools. 

Tlif iltipth of rut. was 0.010 in., and tlur iMiilinK .sihmmI vi?ry slow. Ontli tmils witi' InpitiMl tn Imvi* 
Hinnrjtli and kium riiltin^ eil^rN. 

'rill* tnul at llip li'ft hud a l.'j-rtcK liark-ruki* uiikIi?. I’lii* nnsi* muKriifird 50 liiiirs whb plitjlti- 

I'niplirnl artt*r tlin niittiiiK ludl had nit fur H'k in- Wlii*ii Ihr i‘Uttiii|£ wu.fi stnripiMl. tlir tuid whk ut 
the pimitiun iiirtirutud by thn da.shi*d linPH, bill in .hIiiiwh withilniwii. Thi* liriKlil uf Oir built-up iium- 
i.s ubiJiit iriiiiul tu the thirkiiiiHS of thi? dRfdniiril idii|i. Thn nluiiP uf thr built-up iiuhh ill tJu* point in 
■sliphtly U«.ss tliiiii 45 di'K. At tlir ripht ia .sliuwn a 45-di'(c baf‘k-raki? toiil and Ihr built-up nusi* iiiaKiii- 
liuil 70 tiiiiiiK. Till- sinull built-up (hIki* is iiidiratod by tin* nirvi*il fun- of thf tnul, thr aiiKli.' uf wliirdi 
at the forward end appears to br ubuijt imjuuI to that shown for tlir ]5-d[;K tool. 


the cutting edge of the tool does little more than sup])ort the built-up 
•edge whieli in itself is the actual medium by which the chip is removed 
from the parent metal. Figure 6 also shows the built-up cflge sup¬ 
ported on the ridge of low rake while the secondary high rake allows 
the cliij) to escape w'ith little friction on the lool fare. 

Tlie size and shape of the built-up edge vary with the material cut, 
the tool shape, the size of cut, the eiittiiig fluid, anil the cutting speed. 

The ljuilt-up edge appears to be a rather permanent structure as long 
as the cut is continuous at relatively high speeds. Portions of it may 
^‘'huigh off and be carried away on the underside of the chip, and fre¬ 
quently portions of it pass between tool flank and work and adhere 
to the machined surface in the form of small saw-tooth edges, shown 
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in Figs. 5 ami 6. This huiU-iip edge forms a new riike angle aiipar- 
ently o|)timuin lnr earli material and cutting conrlition. Fig. 4. 

At very high speeds, usually associated with sintered-carhide tools, 
the huilt-up edge is very small or nonexistent, as illustrated in Fig. 8, 
and a smooth iiiacliined surface results. The thinner the chip, the 



Fin. 5. A Built-Up Edge FonniMl in AnncaltMl Tiow-Caibon Steel liy a Tool with a 
15-ileg Rilke Oiieratiiig at a Depth of Gut of 0.020 in. and a (hitting Speed of 120 fpni. 

A mineral oil r.iintaininK Nnllilmr anti i-liliiriiit? won ii-sed as a ctiltinK Hiiitl. (2a X) 

smaller is the huilt-ui) edge, and the cutting edge leaves a smoother 
finished surface. 

The work hardening of the material cut is a definite factor in the 
machining ju'ocess. Figures 7 and 8 show the hardness at several 
points on the undisturbed metal, at the machined surface in the chip 
and in the built-up edge. There is less work hardening in the con¬ 
tinuous chip with no built-up edge, and yet the cutting force required 
to remove the chip under both conditions is practically the same. 

Chips formed by three identical tools when the depth of cut is con-, 
stant, but with different feeds, are shown in Fig. 9. The condition 
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nf the tool face caused by the chips sliding over the built-u'Jj edge and 
tool face also may be noted. Figure 10 shows the chip formed when 
»the feed is constant, but with different depths of cut. Grooving on 
the tool face has already started. 



After E, G. Herbert. 


» Fig. 0. Chip Fonntitioii fiDin a Compimiid Tool C/uiiiii(r Luw-Cyarboii kStisel. 

'I'lu* liiiil liarl 7 -i1i!K rHiyf, a ridne litiviiiK l(l-iliri£ liafk raki;, ami O.UIT-iii. width, and thiMi a Ninuiiidary 
-I'l-di'K hark-raki‘ af)|;]p. Tin* dpprli t)f f.iit i.s a|j|)ruxinuit.p|.v 0.U20 in. Tiu* 1 - 111 ( 111 ^ artinn and 1.hii-kni*.MM 
nf nliiit an* iiiiitr* nnniiul. A |ii‘rinanpnt ljuill-iip pdjti* is fiiriiipil nf i;liarai;ti*ri,stir la.vi;ri‘d stmi'hiri*.. Il 
is h(Kjki‘d iivi’r the inJtfu nf tin* tnnl sn a.s tti /irntiM’l. it ri>ni|ili‘l.i‘ly from rnntai'l with tin* wnrk. Whnn tliif 
width tif tliL* ridKi; bank nf tin: iMittiiiu I'dKP is iiiun: than tin? di:|ith, tin* rfsistaina: tn riittiiiK and tin: 
RPni'ratiiJii of hpat arc ini:rnaHi:<l. hcraiiMC of isrcatcr di.Htnrtioii and work hardciiinR of the idiifj. f2U X ) 
With carbidt; tools thu rake of tin; ridmi may be iniiius ." 1 -10 deg fur lunger tool life. 

The progress of tool wear can he cstimateil reaflily from the color, 
shajie, and size of the cliii) produced. In turning fluctile metals, such 
as steel, the chips jirodiiced at lir.st arc long, ipiite straight or slightly 
coiled, and regular. As the tool wear jirogresses, the chijis become 
more coiled, and a.s the cutting cflge breaks down, the cliiiis become 
irregular in section and dark blue in color. The machined surface 
or the .shoulder of cut hpcomc.s hurni.shed in ridges and rougher in 
general. The color indicate.^ the dcvcloinncnt of excessive heat, even 
though tlie tool is newly grounrl and has cut hut a small part of its 
total life. Such a chip is illustrateil at 1 in Fig. 11. After the groove 
is formed in the face of the tool, the elii])s heroine coiled, either in 
short sjdral forms or long lielical forms nf small diameter. In thi.s 
connection the chip is no longer colored and the tool cuts for the 
greatest length of time. Chips 1-5, inclusive, illustrate this transition. 
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As t)iL‘ groove wears larger in the face of the tool and toward the 
cutting edge, the chip again becomes slightly blued just before failure 
occurs, owing apparently to greater chip distortion. 

Chatter: Frequently in the formation of chips, high-frequency vibra¬ 
tions occur when the tool or work is not supported rigidly, because of 



CourlPMjf Cincinnati Milling Machine Co.; M. E. Merrhanl and N. Zlatin. 


Fig. 7. A Chip Fiiniu'fl by Huill-l'p ICiIro When UroMrJiiiiK SAl'] 1112 Steel at 40 
fpm with a lligli Speeil Stei4 Tool with 15-ileg Hake Aiii^k;. 

KiiiMjp iiiinihiTs iiliiiiiiiril iiii ii Tiikiiii liiiriliii'rsH li‘stt‘r, iif tlu* uriKiiiul iiii;tul; tin* iuid llie built-up 
Htiiiw iiiilur,Hi| liiii'iliirNN in Mil< lust twn uk u ri*.Hiilt uf iiirtal ili'fiiniiniiiiii. uru appmxi- 

niiitfly i?i|iial In Hriiu!ll iiiiinhrrN. [" DLstriliiitini' iif Jlunliii-w^ in C’hi|iis unrl MuL-liiiiL'd Siirfnpes," 
7Va?iH. ASME. 11147.) 

the sliding of the chip elements into sections, or because of the peri¬ 
odic slougliing olf of the built-up edge. These vibrations may set up 
a natural period of vibration of the tool, the work, or even the whole 
machine, which may become very objertionahle because of noise, poor 
surface finish, gear knocking, and po.ssible damage to the machine. 
Itigidity of work and tools or change in feed or ilejith of cut,, or in 
tool slnipe, may remove the cause of vibration. l„oiig thin chips, such 
as those maile with a large nose-radius tool or with a long straight- 
cutting-edge tool, increase the probability of chatter. 
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Court6isy Cincinnati Millina Marking Co.; M. E. Mf^rrhant and N. Zlatin. 

''Fio. 8. A C^hij) ForiiiHil with No AppaiTnl Huill-F]) hy Milling; SAE 1112 
SltMil 111 780 fjiiu with Siiiti;riMl-(?arliiilL‘ Tool Ilaviiij; 10-i1i‘k Hiikn AukIo. 

Kniiop harclni'ss viiluiis at variouH lucatiuiis aru hIiowii. TIimhi: ari: Itiwur on tliLi sinouth niachiiied 
BurfuDL! than in Fig. 7. 

Machinability of Cutting Tools 

Tool efficiency: A tool is efficient first, accnrding tn the lengtli of 
time that it will eut a given chip at a certain s[)ee(l ])vr grind (tool life 
or endurance) ; second, according to the power consumed by tlie tool 
fin removing the metal; third, by the finish it iiroducivs; and fourth, 
by the shape of chij). 

Methods of tool failure: The failure of turning tools may bo the 
result of: 

1. Abrasion on thp flank Vinlnw the aitive nitiing ndse, as when rarbon-steel, 
high si)eed steel, or sinteieil-furbirle loots are turning east iron anti as when 
rarbon-steel tools are turning steel. 

2. Tlie rlevelopment by iihrasion of a crater on the tool face just hack of the 
cutting eilge. As this depression increases in size, its edge approaches the .ciit- 

‘•ling edge. The included inelal eventually breaks off, causing sudden tool failure. 
This typo of failure occurs when high spend steol, Stollite, or sintered-carbide 
tools turn ductile metals, as illustrated at the left in Fig. 12. 
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Kill. i). InHuniiRi) of V'ariiiiili' nii (yhip Koriiialion of SAI.O 1045 

Thu iuola of IukIi aiinuil HteuI uai:li Imvu ft-iIuR hack rake, 14-i1i;k siilu raku, anil HD-dcK settiiiK anKh', 
aiiiJ a iiiiHu radiiiN iif '/lia in. Tliu riihhud fucu uf the iuul and funn of rhiji for thrur tiiriiiiiic uuts uacli 
in. ill (luptli but U.0104 in., 0.0204 in., and 0.0410 in. fued pur ruv, rcspeutively, are nhoAvn from 
lufl ill riieht. Both aidua of uhipa are ahuwii aa prudiicud 1 min aftur uauli tool started to nut at a Rpeerl 
of 80 fpiu. 



Fin. 10. Iiiflutmce of Variublo DopUi of Cut on Chip Formation of SAIG 1045 Stoel. 

The four touls Hiinilar to thciae in Fia- D prodiined chips 2 min after atartinK to cut at BO fpin and 
a Donatantfeed of 0.0204 ipr but at deptlia of cut from left to riaht of 0.0312, 0.0625. 0.125, and 0.250 in., 
reapectively. TuppinK of each tool haa ataritMl, and parts of the built-up edge are seen. The direo- 
tiun of flow of chip is indicated and ia seen to awing to the right aa the depth of cut is increased. 
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Fifj. 11. Chip Formatinii as Tiifluenc(;d by Tool Wimr Wlien Cutting SAlil 1045 Stefil. 


r'lMir tuuls similar to tliiwe of l•'iK. f) hIiow iiniKri-wsivii wnar, liiKotlior with tlio formaiiiin of r.hipR 
fur the iliffprent ilenreiH of wnar. Thu cuttinK hpuud woe approxinmtuly IBO fpni, thu rlupth of cut 
Hii in., ami the fond D.ri1()4 ipr. 

f^hi|iH 1 tr> 4 wen; thoHt* firat produced by tool No. 1 during the firKt .’5 min of ciittinK. The con¬ 
dition of tool No. 1 is shown at the end of the 3-niiii cutting period. I'hip No. 5 is that produced 
liy the well-Krulived tool No. 2 after niiltiiiK fur 14 min. Chip No. G is that produced by tool No. 3 
after cuttinK for 32 min, and apiieore ciuitc Kimilar to chip No. o. r.'hipH Nu. 7 are thoHc produced by 
tool No. 4 after cuttinR for 40 rriin. Chip No. 8 was produced by tool No. 4 .shortly before failure 
uci iirred. The tool point failed as the groove wore forward to the cutting edge. 


3. A lOiiibinEilinii uf flank abra.siim anti rralPiing :i,s shown at (hr right in 
« Fig. 12 anil in Fig. 13. 

4. Thn spalling or criinibling of tin* rulting Pilgn, as wlipn culting oxtrninely 
hard malcrial. 

5. Thr lo.ss of hardni\s.s bniatusc of pxfi\ssivp hnai gnntaali'd at the l■utling 
eilge. as when lurning at extremely high speeds. 

6. Fraetiire beeausn of exeessiv'e Intids. While I he size of a tool has lit,tin 
influence on tool life, a Vi-in.-sti tool bit will have about llie same tool life as one 
■'Vj in. ST), but it niiisl be strong ennugli not lo break under cut. 

Application of Various Tool Materials 

Carbon tool steel is tiseil fur all ty|)0s of cutting tools for light or 
low-tfinpcniturc work. It imividcs keen cutting cflgc.s ricsircil for 
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finishing tools on screw machines, particularly when machining the 
freer-cutting metals. 

The 18-4-1 fVV-Cr-Va) and Mo-Max (W-Mo-Cr-Va) types of 
high speed steels are recommended for general use on all-round work 
and for continuous-chip materials, such as SAE 1112, Cl 137 (old 
X1335), and 1010-1040, by the Gorham Tool Co. The higher-carbon 



Fig. 12. The Nature of Fare and Flank Wear on Tools of High Speed Steel {Leji) 
and Sintered Carhide 

At the left, a phnlu^raiili iif n hiph s|uM>d tiMil slutwiiiK iinnual Hank wear heliiw and nippinK of 
the fare aluive. tofcether with iniHe hreakiluwn when turniiiK a Miinel metal with an [‘.mulsinn. Depth 
Ilf cut 0.IlM) in.; feed (J.(M27 in.; width i»f ridne snipportinK huilt-iip edfse 0.00U4 in.; width of erater 
frimi the ridiEt' U-Cri in.; and width iif the nnnnul laud wnrn on the Hunk D.(K)4 in. 

At the riKht are nIiowti the eii|iped mirfaee nliove and the abraded flank below of a Hintered-rarbide 
tool ufU'r turning i^ofl Mtnel. 'J'he newly formed riittiiiK ed|Ee ih irroKular but euntinuuus. The, tool is 
registiirud as failed berause of the U.030 in. average lluiik wear. 


steels and tougher alloy steels, such as SAE 1040-1095, 1330, the 
32, 33, 41, and 51 series, and the 52100, call ffir the use of 18—4-2 or 
tile ]Mo-^lax high speed steels. The SAP] series 23, 31, and 61 steels 
machine best with the c(dnilt-bearing analysis of tungsten and molyb¬ 
denum steels. Stainless steels, cast steels, and manganese steels seem 
to be machined most economically with the 8 or 12 jier cent cobalt- ’^ 
tungsten steel or the 8 per cent cobalt-uiolybdeiium high speed steel. 
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For abrasive materials, such as the cast-iron and non ferrous group, 
wliere tools usually fail by flank abrasion rather than cupping, tlic 
18-4-3% analysis has proved to be best. 

The cast nonferrous tool materials, such as Stellite, will cut at a 
cherry-red temperature, at speeds 50-100 j)er cent above those for 
high sf^eed steel but bt‘lovv those for sintered carbides. They are 
brittle and therefore operate best when taking light cuts in low- 
carbon steel, malleable cast iron, gray iron, bronze, steel castings. 



KitJ. 13. The Nuture of Wea-r on a SiiiLereil-("iirhi(ii*-l'i])]>eil, Fai^e-Milliiig-tyuUer 

Tooth. 

TIil? L-up|iiiiK Ilf 0.017 in. uvi*ni(£[> vviilth un tin; fucf liui-k uf Ihi; rliiiiiifitr unil lUTiiiliLiriil t-uUiiiK ucIkb, 
i!lii|i|iing i)f 0.002 in. un thn fur.p luittiiiie ftigr, and aliru.sivr Wfiir aviMUKiiig n.0.'10 in. un IIib faue flank, 
i-liamf.T flunk, and iicriplioral flunk, with a muxiinnm vahii> uf O-Ori^l in. un the eunier, are Hhuwn. 
This tuuth was uf sintered carbide K2S having tiiul anglc.M uf 7. 7, fi, (i, 2. 0, 0.070 in. at 4.'»-di:g chamfer 
un a D-in.-diam. face mill facing 20,0(H) psi cast irun 4 in. wide with a di'plh uf 0.100 in. and a feed pur 
loiith uf 0.01 in. at 50fi fpin. The iiiurdiiiie cutting time was 4g.H min, but the actual ciitLing time wan 
7.07 min. 

lutril rubber, and fiber. Cliij) breakers work well in these tools which 
be of the solid or tipped type. Star-.T metal anil Crobalt A are 
used for abrasive materials such as cast iron and plastics, while 
Stellite 98 M 2 and Crobalt 138 are for the continuous chip metals, 
steed, etc. 

Sintered tungsten carbide with 3-8 per cent of cobalt is used for 
machining cast iron, brass, bronze, rubber, paper, plastics, etc., which 
cause the tool to fail by flank abrasion. The lower cobalt gives a 
harder, less ductile tool which better resists abrasion, as in light, high¬ 
speed cuts in hard cast iron. Cobalt up to 13 per cent gives a tougher 
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iiii'tiil l)L*ttcr fur heavy puts in iron anil sled pastings, or for interrupteil 
ruts. 

Titanium I'arbiile ami tantalum earhiile, alone iii- In enmhimitinii,, 
are aiided to the tungsten earbide and a eobalt binder to form 
sintered-carbide compositions suitable for machining those metals 
such as steel wliich produce a built-up edge, or long continuous chips 
at high speed, and cause tlie tools to fail by cratering on the face ami 
abrasion on the flank. The tool should be removed for regrinding 
when the width of the flank abrasion has an average value of about 
0.030 in., so that only a small amount of metal lias to be ground otT 
the face and flank. These sintered carbides, known as Carbolny, 
Firthitc, Kennametal, etc., are made in numerous grades of various 
ilesignations for specific iiuqioses, as recommended in Talile 1. 

Diamonds arc used generally in [irccision machining where the 
material is too hard or too abrasive for steel or Stellite tools, or where 
greater accuracy or better finish is wanted on softer metals, such as 
on ahiminum piston-pin holes ami bronze bushings. For turning 
tools, tlie diamonds are ground with a side-cutting-edge angle of 
45 deg, an end-cutting-edge angle of 2 deg, end-cutting relief from 
2 to 5 deg, with side relief up to 10 rleg. No side and little back rake 
is provided. Diamond tools, clamjied, hrazeii, nr cast into steel holders, 
usually oj)cratc at very high speeds and fine feerls, sueh as from 
600 fpm in steel to 1,100 nr more in the nonferrous metals with feeds 
of 0.001-0.003 in. and a dcptli of cut from 0.004 to 0.020 in. No cut¬ 
ting fluid is needed {Machinery, January, 1930, j). 401, and March, 
1930, p. 561). Sapphire-tipped tools are being used for precision 
machining in the field between those rovered by sintered carbides and 
diamonds. 

Tool shape versus performance: The rake, relief, nose radius, side- 
and end-cutting-edge angles each influence tool performance to a 
considerable extent. Therefore, their A^aUies should be selected with 
care. 

Rake: The rake or slope of the tool face forces the chip to slide 
off in a convenient direction. It reduces the cutting force, which is 
from 230,000 to 500,000 psi of cut for steel, anil, up to a certain value, 
increases tool life. Back rake on a side-cutling tool is of less im¬ 
portance than side rake. It usually cniitrnls the direction of chip flow. 

In choosing between side rake and back rake to produce sufficiently 
acute cutting angle, the following considerations, given in order of 
importance, call for a steep side rake and are, therefore, opposed to a 
steep back rake: (a) with side rake, the tool ran he ground many times 
more without weakening it; (b) the chip runs off sidewise and does 



Table 1. Sintehed-Carbihe Co^iparisox Chart of Stanlaru Graues 
For Use as a Guide in Selecting Apiiropriato Grade for Tools 
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not strike the tool post or clamps; (c) as the pressure uf the chip tends 
to deflect the tool in one direction, a steep side rake tends to correct 
this by bringing the resultant line of pressure within the base of the; 
tool; (rZ) the tool is easier to feed. 

A tool is efficient when it removes a relatively large amount of metal 
per griiul or when it removes metal with a relatively low power con¬ 
sumption. The smaller the cutting angle, Fig. V-5, the more efficient 
from a power standpoint is the cutting action, but the sooner the 
sharp edge will fail. The ratio of final to original thickness of chip will 
be low. The more blunt the lip angle, the more it is reinforced to with¬ 
stand the cutting forre and carry away the heat generated, but it will 
push the metal off with excessive shear rather than tear it off by a 
wedging action. The chi|) ratio will be high. 

The harder the metal, the blunter should be the cutting angle. For 
high speerl steel tools turning hard steel and cast iron, a rake of 5-15 
dt‘g is l)est for general results as maximum speed for specific tool life 
is obtained. . For soft steels, this angle should be increased to 20-30 deg. 
Tools for cutting cIhIUmI iron should liave a rake angle of 0-4 deg, while 
those for cutting brass should have neither buck nor side rake. This is 
to reinforce the lip to prevent si)alling in the case of chilled iron and 
to |)revent fligging in or chattiu* in the case of bras.s. Tools with only 
small back and side rake are used to machine the free-cutting metals, 
but for the annealed soft nudals, such as aluminum, cojii)er, ami mag¬ 
nesium, aj)preciablc rake is desirerl. See Table 2 for recnininended tool 
shaj)es. 

For Crobalt or Stellite tools, the rake angles are smaller and the 
face is made up of the harder surface of the cast metal, better to sup¬ 
port the cutting edge with a large lip angle of the less ductile metal. 
See Figs. 14 and 15. 

Sintered-carbide tools, strong in compression but less ductile than 
high speed .steel, have rake angles more like those of Stellite than 
high speed .steel. 

For rough, heavy cut.s, particularly intermittent ones, a negative 
back rake rennwes the initial impact load from the cutting edge. 
For roughing cuts on old machines, —2 to - 4 deg back rake is recom¬ 
mended. For roughing cuts on shapers and planers, from —6 to —10 
deg, on steel castings, 2 deg is recommended. The negative or low 
back-rakc angle is compensated for with larger side-rake angles. 

Relief angle: The relief angle below the cutting edge should be 
sufficient to prevent the flank from rubbing on the work. It should be 
sufficient on the feed side of the tool in lathe work to allow for the feed 
helix angle on the shoulder of the work. This is of great importance 
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nil work of small diameter, but is of no importanee in straight-line 
rutting on the shaper and planer. For straight-line cutting, a relief 
wangle of 4 deg is sufhrient fur most work, but for turning, 6 deg is 
more practical. In general, the relief angle should be small for hard 
metals and large for soft metals. For some metals, such as aluminum, 


END jyk PLAN END 

VIEW ^ VIEW . VIEW 

q.fe'n 



14. Tool Sliaptw for Variriii.s Piirj) 0 »p.s ns (Irnuiiil from Hits of Cast Nnnferrous 

■Metal. 

magnesium, copper, and nickel, which may stick to the flank and 
iniMluce a rt)ugh-inacliiTUMl sui-face, a greater relief angle should be 
provided. The value of the relief angle does not iiilluence the force 
fm the tool, but it should be as small as possible to increase the 





Fir. 15. A Stellite-Tippeil Tool fnr (leiieral Use on Cast Irnii and kSteel. 

endurance of the tool. Carbiile tools should ))e used with relief angles 
larger (7-9 deg) than those for high .s|)ced steel tools. 

Nose radius: Nose rarlius has a definite influence on the permissible 
cutting speed for a given tool life. For a 60-niin t[)ol life when turning 
SAE 2345 steel forgings annealed with %-in.-sq high speed steel bits 
having 8-deg back rake and 14-dcg side rake, using a cut 0.100 in. 
deep and a feed of 0.0125 ipr, the cutting speed for the zero-inch radius 
tool was 74 fpm. This increased to 97 for radius, 106 for the 

Yfn-j 138 for the Vs-, 151 for the %o-, and 161 for the Vi-in. radius. 
This shows an over-all increase from 74 to 161 fpm, or 118 per cent. 
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For the above cut, a relation was found between the eiiftiuR speed 
F, the tool life T, and the radius 7? as fnllnws; 

IT" = 331 

The nose radius has little influence on the value of the cutting foree. 
The larger radius, however, does give a smoother surface finish and 
longer tool life. 

Side-cutting-edge angle: The side-cutting-edge angle of the tool 
has practically no effect on the value of the cutting force or power 
consumed for a given rlepth of cut and feed. Tool life is greatly iii- 
creaserl, however, as the entering angle is reduced. For a 60-miii ton] 
life in annealed SAE 2345 steel, the cutting speeds for high speed steel 
tools having %4-in. TU)se radius, 8-deg back rake, 14-deg side rake.' 
and 0-deg side-cutting-edge angle were 107 fpm; 137 fjmi for 30 deg; 
149 fpm for 45 deg; and 158 fpm for 60 deg. The last is 48 per cent 
higher than the first. For the 0.100-in. depth of cut by 0.0125-in. feed 
in SAE 2345 steel, a relation between tht‘ cutting speed in feet per 
minute, V, the tool life in minutes, T, and the side-cutting-edge angle, 
a, was found to be 

^7^0.11 = 78 15 iieg'r 

Large side-cutting-edge angles are likely to eause the tool to chatter. 
Tlie curved cutting-edge nr large-nose-radius tool then may be used to 
vary the rhij) thickness. High sjieed steel tools cutting castings or 
scaleii forgings should have 0-deg side-eutting-edge angle. 

Frequently, the metal being cut is incloserl in a hard or tough skin, 
such as the chilled sui’face on cast in)n, the docarbiirized surface of 
malleable iron castings, and the scaly skin of steel forgings. It is 
logical to assume that the shorter the length of eutting eilge in contact 
with this hard skin, the le.ss will he the ilamage done to the tool and 
the easier it will be to repair. Furthermore, thicker chips are formed 
under this condition, ami the pressure of the chip back of the cutting 
edge on the tool face tends to break off the hard iron ahead of the 
cutting edge or produce a larger built-up edge of the ductile metals to 
protect the cutting edge. The shortest distance through the skin is at 
right angles to the surface; therefore, where the tool comes in contact 
with the skin, the cutting edge should follow that shortest distance as 
nearly as possible. 

Cast nonferrous tools should have small side-cutling-edge angles, 
as shown in Fig. 14, so that the cutting edge is formed by the harder 
metal near the chilled surface. Sintered-carbide tools should have 
large side-cutting-edge angles even up to 60 deg. This, with small end- 
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cuttiiig-cdgc angles, increases the strength of the tool nose, reduces 
the thickness of the chip, and leads to longer tool life. The starting 
tload is taken on the tip at a point back of the nose where the tool is 
stronger. 

The best tool shape for each job is based on many factors as dis¬ 
cussed above. The versatility of the tool, the metal being cut, and the 
size and shape of cut are factors which helj) to determine the tool 
shape. The side-cutting-edge angle shouhl be large for steel, but small 
for cast iron. The back rake should be just enough to control chip 
how. The side rake sliould be as large as permissible for good tool life. 
Tlio nose radius, except on carbide tools, should be relatively large. 
The end-cutting-edge angle should be as small as convenient ti) give 
'more metal back of the nose and cutting edge and to give a smoother 
machined surface. Small grooves or craters to form clii]! breakers are 
sometimes ground in the face of the tool j)arallel to and back of the 
cutting edge a distance equal aiqn’oximately in lialf the feed, nr a 
new face may be ground below the original. (See Chap. V.) Chip 
breakers of this tyiie in high speed steel are apl to reduce the tool life 
to one-tliird of normal, unless they are corrcadly proportioned. Fre¬ 
quently chi[) lireakers of abrasive-i’esistant metal, against which tin- 
chip impinges, are attached to the tool face. The Ciouhl and Eberharrlt 
Co. recommends shai)er tools of a shape 5, 10, 4, 4, 4, 10, % for shaping 
' cast iron; 0, 20, 4, 4, 4, 20, Vs shaping soft steel; and —2V^, 12, iVijj 
3Vij, 2 deg 40 min, 20, o for hard steel. 

Speeds and Feeds for Turning 

If the tool life in turning wilh high speed steel tools is representeai 
by 100 per cent, then, on ajiproximately the same basis, carbem tool 
steel would rate 30—50 i)er cent. Stellite from 150 to 200 per cent, 
and sintered carbides from 300 to 1,000 i)er cent. 

Commercial cutting speeds, cutting fluirls, and tool shapes for 
high speed steel, Stellite, and .sintered-carhide tools when turning a 
wide variety of materials are sugge.ste«l in Table 2. The speeds may 
be higher if lighter cuts arc made or cutting fluids are used, and 
reduced for heavier cuts. 

Coipmercial cutting speeds to give a tool life of 90 min for 

cast iron and steel are given in Tables 3 and 4 for Taylor high speed 
steel tools for various eoinhinations of dejdli of cut and feed. The 
high sj)ecd steels of today are superior to and have a higlier degree 
of “ red hardness ” than those of Taylor. The cast iron and steels are 
lower in strength than metals in current use. The data are cninf)letc 



Table 2 . Recommevdeu Tool Shapes and Cutting Speeds for Turning Various Metals with Approximately Depth 

OF Cut and V 32 -IN. Feed 
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tlf cut dry, have powdered asbestos available to smother possible flames. Use mineral seal oil for MO 
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for a wide range of cuts and are believed of value for setting up jobs 
Tools of different sizes give about the same performance. 

The cutting speeds for parting (cutoff) and threading tools may 
be one-third and one-quarter, respectively, of the values given in 

Tablk 3. CuTTiNR Speed in Feet per Minute for a Tool Life of 
IK) min When Cutting Cast Iron at Various Depths of Cut 
AND Feeds* 


Depth of Cut, 

Feed, 

Soft 

Medium 

Haril 

inches 

inches 

(^ast Iron 

Cast Iron 

('ast Iron 


H4 

21h 

108 

03.0 


'A2 

100 

80.0 

40.0 

H 2 

Kg 

110 

55.0 

32.2 


H2 

88.4 

44.2 

25.8 


Vs 

75.4 

37.7 

22.0 



200 

100 

58.0 


M2 

148 

74.0 

43.3 

Jh ■ 

Hb 

104 

51.8 

30.2 


H2 

82.0 

41.3 

24.1 


A 

00.0 

34.8 

20.3 


/G 4 

183 

01.0 

53.8 


M2 

135 

07.5 

30.4 


Mg 

04.0 

47.0 

27.4 


M2 

75.4 

37.7 

22.0 


H 

04.3 

32.2 

18.8 



171 

85.7 

50.1 


H2 

120 

03.2 

30.0 


Hb 

87.8 

43.0 

25.0 


r 32 

70.4 

35.2 



H4 

150 

77.8 

45.4 


M2 

110 

57.8 

33.8 


Mb 

70.7 

30.0 

23.3 


* Taylur'ii siandanl ^H-in.-widc hifcli BpcDd Bteul roiind-nuae turning tuul was used. It hud H-dep; 
hai^k rake, 14-dcK side raki'. H-defC rulisf, and a nose radius uf in. Cutting vras done dry. 

Ndtb: The above data give 


Vr 


KT’d-y 


_K 


Vm 

K 

K 

K 


K 

fa,i» rfii.M 

14.7 for the soft cast iron 
7.35 for medium cast iron 
4.2B for hard cast irnn 


Tables 3 and 4. The former should have light feeds, as the sharp- 
cornered tools are deeply imbedded in the work. 

The life uf the tool may be of more importance tlian tlie rate uf 
metal removal per tool grind. A tool which is dilfiLTilt to grind because 
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i’ABLK 4 . ClTTTINn SPEKD IN FkET PEH AIiNIITE. FOH A ToOf. LiFK OF !H) 
MIN When CiTT-riNn Steel at V^ahioits Depths of Cut and Feeds* 


• Dopth of Cut, 
inches 

Fnril, 

inches 

Foft SkM4 

Mciliuiu StiH'I 

Hurd Sietd 


H 4 

548 

274 

125 

He 

Hi 

358 

179 

81.6 


He 

235 

117 

53.3 


^4 

4G7 

234 

lOU 

Hi 

H2 

30ii 

153 

69.5 

Hfi 

20(1 

100 

45.5 



15G 

78.0 

35.5 


rH\ 

417 

20 !) 

94.8 


H2 

273 

136 

62.0 

He 

171) 

89.3 

40.6 


Ha 

140 

69.8 

31.7 


Hd 

362 

181 

82.2 


Hi 

236 

118 

53.8 


/'I G 

t2 

77.4 

35.2 

)i 

H* 

328 

164 

74.5 

H2 

215 

107 

48.8 

H 

H* 

28G 

143 

65.0 


k * (JuitiuK wiu done dry with the nurnc tool ua deseribud in the table for eiiNt inm. I''or iiieHiiiin and 
soft Btnel, the side rake was 22 dee- 
Note: The above data give 


y-D.rii (/D.ai! 

K “ 15.7 for the soft steel 
K ^ 7.!) for the medium atirel 
K ~ 3.6 for the hard steel 

of its shape, or difficult to adjust in the machine, or one rcquircfl to 
maintain accuracy of size and form should bo ground only at long 
intervals. A finishing tool should turn out many pieces of the same 
size. A roughing tool may be ground more frequently, as less care 
is necessary to reset it. 

In rough cutting in production, most economical results are obtained 
when the speed, feed, and depth of cut are correlated so as to cause the 
tool to fail in a short, definite time. In such cases, the tool forms and 
sizes are standardized and the grinding is done on machines in quan¬ 
tities. 

Cutting-speed tool-life relation: The formula expressing the rela¬ 
tion between cutting speed and tool life between grindings for a given 
tool, material, feed, and depth of cut is VT^ =* C, in which V is the 
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cutting spcorl in foot |)or minute; T is the tool life or dur.ition of cut 
between grindings in minutes; C is a constant iloponding on the condi¬ 
tions, and equals the cutting speed for a tool life of 1 min; and n is; 
the slope of the straight lino on log-log ])aper. If three or more 
turning tests were run on a metal in which all factors were kej)t 
constant except the cutting speed, F, a definite value of tool life 
at failure, T, would he obtained at each cutting speed, as indi- 



T kTdoI Lifv in Minuta 


Fin. Ifi. A Summary of Expnrimental Data, Showing the llRlalioii bi‘twrn*ii Cutting 
Sponij anil Tool Life When Turning SAIO 23-40 AnncaliMl StiM*l as Ww Fccrl is Varicri 
for a Constant Dopth of C/Ut of □.2(X) in. for ICarli of ThroR Cutting I'Muiils. 

1'he IiikIi sihmmI hIim’I tuiils liail u fcinii i»f 8, 22, fi, li, li, Ifi, VhIul'h lif n and C are K^ven in Taldu 5. 
MudifiitU luK-liJK |iU|jL'r; vertiuaJ HcalL* = 2.(17 tijiies lint hurizimtal. 


cated by points p, q, r, and s, on the lowest curve in Fig. 16. These 
and more points [ilotted on cartesian coordinates would indi¬ 
cate a parabolic curve. On log-log paper thi’y produce a straight 
line. The equation of a straight line on cartesian coordinates 
is V hut on log-log papiT it is log y ^ in log x + log b (or 

log V = n log T + log C). The slope in) of the line is negative and 
equals y/x\ then V=T~^C, or yT” = C. (In Fig. 16 the vertical 
ordinate scale is 2.67 times the horizontal.) AVhen T = 1, then C = T' 
(in feet jier minute for a 1-min tool life). Various cutting-speed 
tool-life lines (FT'' = C) are given in Fig. 16 for a constant de|)th of 
cub at three different feeds, with and without cutting fluids. Values 
of 71, (\ and F,„„ for each line, as well as lines for other values of 
depth and feed, are given in Table 5. The values of n and C may 
vary with the tool material, tool shape, size of cut, material cut, and 
cutting fluid. Definite values from experiments arc given in Table 6. 
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In these tests tools are consideiTil failed and renuire regrinding when 
the flank abrasion is such as to give rise to an appreciable increase in 
power or to allow the w'ork to be cut oversize. The cupping of steel 
and cast nonferrous tools may advance anil cause chipping of the 
cutting edge for preliminary failure or the coiniilete breakdown of the 
cutting edge for final failure, as shown in Fig. 12. For sintered-carbiile 
tools a flank abrasion averaging 0.030 in. below the cutting edge is 
used to denote failure. Typical failure for such a tool is illustratetl in 
Fig. 13. 


Table 5. Valtter hf n, C, Fioa, and CuBir Inpiier per Tool Grind for Variooh 
CiTTH IN SAE 2310 Steel Sei.euted from Fik. IV 


N 0 . 

C\i( riiiK 
Fluid 

Di'plh uf 
Gut, in. 

FimmI, 

ipr 

n 

(yiiilinK SpiiPil 
for l-inin 
Tool Lifo, C 

lOO-niin Tool Lih* 

V 

(■ultiiig 

Spued 

Cuhir 
liirlies 
per Grind 

1 

Dry 

0.050 

0.025 

0.133 

111.0 

00.0 

90.0 

2 

Dry 

0.0125 

0 0125 

0,125 

3I».0 

170.0 

33.0 

3 

Dry 

0.035 

0.0125 

0.111 

2(K).0 

120.0 

03.0 

\ 

Dry 

0.100 

0.0125 

0.147 

143.0 

72.5 

108.8 

5 

Dry 

0.200 

0.0125 

0.110 

117.5 

71.0 

213.0 


Dry 

0.200 

0.025 

0.128 

74.0 

41 .0 

240.0 

7 

Dry 

0.200 

0.050 

0.140 

40.7 

24.5 

288.0 

8 

Em 1:50 

0.200 

0.0125 

0.107 

150.0 

91.5 

274.0 

9 

Em 1:50 

0.200 

0.025 

0.097 

90.0 

57.5 

345.0 

10 

SB 1:8 

0.200 

0.0J25 

0.132 

152.0 

82.5 

247.5 

11 

SB 1:8 

0.200 

0.025 

0.103 

90.0 

55.8 

335.0 


Note: Tho iihnvr riiita kIvk Vbo — -- 

p.T, ^/o.w 

K - 1.2 fur dry RiittfnR 

Influence of size and shape of cut and tool life: For the constant 
area of cut (tests 1 ami 4 , Table 5), turning 8 AF 2340 steel, annealed, 
with high speed steel tools ( 8 , 22, 6 , 6 , 0, 15, %4 ), i.e., having 8 -deg 
back rake, 22 -deg side rake, 6 -deg end relief, 6 -deg side relief, 6 -dcg 
end-cutting-edge angle, 15-deg sidc-cutting-edge angle, and % 4 -in. 
nose radius, the relation between tool life and cutting speed was 
I = 111 the test 1 cut, which was 0.050 in. deep by 0.025 in. 
feed, and VT“ = 143 for the cut of test 4, 0.100 in. deep by 0.0125 in. 
feed. The rutting speed for a 1 -iniii tool life is 111 fpin for the heavy 
feed and 143 fpm, or 29 per rent higher, for the light feed. For a 
100 -min tool life, the si)ced, was increased from 60 fpin in the 
first test to 72.5 fj)in in the fourth, or 21 per cent. The metal removed 
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Table 6. Equations Showing the Relation between CurriNo Speed and 
Tool Life for Various Tool Materials and Conditions 


TihjI 

Material Cut 

Size of Cut 

Cutting 

Fluid 

VT^ 

= C 

Nn. 

Material 

.Shape 

Depth 

Feed 

n 

r 

1 

11 . B. B. 

8 , 14, 0, B. n, 15, :>ii4 

Yellour brass (O.fiO Cu, 0.40 

0.050 

0.02.55 

D 

0 . 0 B 1 

242 

2 



Zii, O.BSn, 0.0[)fi I*b) 

O.lOU 

0.0127 

D 

0.096 

2.99 

3 

■■ 


Hnmze (0.90 Cu, 

0.10 Sn.) 

0.050 

0.0255 

D 

0.080 

190 

4 





0.100 

0.0127 

D 

0.111 

232 

5 

H. a. H. 

- 

CuHt iniii 

(IfiO H) 

0.050 

0.0255 

IJ 

0.101 

172 

n 

(18-4-1) 


“ “ , nickel 

(lfi4 11) 

" 


D 

O.lll 

L80 

7 


" 

" ", Ni-Cr 

(207 H) 

“ 


D 

0.088 

102 

H 


i, 14, fi, H. fi, 0, 0 

Steel, SAC HI 113 

(C.D.) 

•• 

0.0127 

D 

0.08 

260 

9 


" 

“ SAFR1112 



“ 

D 

0.105 

225 

1(1 



“ SAC 111 120 

“ 


" 

D 

O.KN) 

270* 

II 


" 

“ SAI':H1120 

^ Pb" 

" 

" 

1 ) 

0.000 

290 

12 


" 

.SAE 10.35 

“ 


" 

D 

0.110 

1.30 

13 



" SAE 1035 -1- I»b" 

“ 


D 

0.110 

147 

14 


H, 14. B. fi. fi. 15, 

“ SAE 1045 


0.100 

•• 

D 

0.110 

192t 

ITi 


8 . 22, fi. fi. fi. 1.5, :«,•,» 

“ SAE 2.340 

(1B5 B) 

" 

0.0125 

D 

0.147 

U3t 

in 


B, 14, fi, fi, fi. 1.5, ‘'a4 

'• SAE 2345 

(198 11 ) 

0.050 

0.0255 

D 

0.105 

1266 

17 



“ SAE 3140 

(190 11) 

U.KM) 

0.0125 

D 

0 . 160 

178 

IH 



SAE 4350 

(363 11) 

0.0125 

0.0127 

D 

0.080 

181 

III 


" 

*• SAE 4350 

(363 11) 

" 

0.0255 

D 

0. 125 

146 

29 


“ 

" SAE 4350 

(363 H) 

0.025 

" 

D 

0.125 

95 

21 


“ 

" .SAE 4350 

(363 H) 

0.100 

0.0127 

D 

0 . 110 

78 

22 



“ SAE 4350 

(363 11) 

0.100 

0.0255 

D 

0 . 1 10 

46 

23 


■■ 

•' SAE 4140 

(230 11) 

0.050 

0.0127 

D 

0 . 180 

190 

21 



" SAE 4140 

(271 B) 

“ 

" 

D 

0.180 

159 

2 .'i 

! " i 


" .SAE BJ40 

(240 11) 

“ 



0-1.50 

197 

211 

T ~ 

H, 22. fi. fi. fi, 1.5, Hi 

Miiiiel iiirtul 

(215 H) 

0.100 

“ 

D 

0.080 

170 

27 



1 . .. 

'' 

0.050 

0.02.55 

I) 

0.074 

127 

2 H 


“ 1 

“ " 

“ 

0 . IIM) 

0.0127 

Eni 

O.OHO 

185 

29 





" 


S MO 

0.105 

lM!i 

30 

Strll. 

0 , 0. 6 . fi. G, n, 

Steel, SAE 3240, 

nnn. 

IJ.IH7 

0.031 

1 ) 

0. MM) 

215 

31 

2400 

" 

“ SAE 

*• 

0.125 

“ 

D 

240 

.32 

“ 

“ 

" .SAIC " 


0 . (Mi 2 

" 

D 


270 

33 



" SAE •• 


0.031 

" 

D 


.310 

34 

Stell. Na. 3 

*■ 

Caat irun 

(200 B) 

0.U62 

" 

D 

0. 1.50 

205 

S.'S 

W(’ lTli4) 

fi. 12. .5. .5. Ul, 4.5, 0 

Steel, SAE 1040, 

ftiin. 

~7. 

0.025 

D. 

0.1.56 

BOON 

30 


" 

" SAE lOfiO 


0.125 

“ 

D 

0.167 

660 

.37 



“ SAE 1060 


0.187 

“ 

D 


61.5 

.38 


" 

" .SAE 1000 


0.2,50 

" 

D 

" 

560 

39 


" 

" SAE 1000 


0.062 

0.021 

D 

“ 

880 

40 

II 

“ 

" SAE 1060 


'■ 

0.042 

D 

0.164 

510 

41 

M 


" S.AE 1060 



0.062 

D 

0 . Ui 2 

400 

42 

II 


" SAE 2310 


" 

0.025 

D 

0 . L62 

630 


*180 fpm ia more nnrnml. 

t See Fig. 17 for iithnr Rtnirturm. 

t See Table 5 for uther ciita and EUttifig fltiirls. 

( For valuRN Tur many rutting fluids, sec Trana. ASME, May, 1937, p. 343. 
II See Amariran Machiniat, May 24 and June 7, 1933. 


Example 1; 

V = Cutting speed, fpm = !)5 
T = Tool life, min = 3 
n = Slope of the eurve =1/7 
Find C in = C 

Using slide rule, 95 X 3^'^ = 95 X = 95 X 1.17 = 111 = C 
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f 'sirtf/ hffnrifhmft^ 95 X 3^^’ = C 

ing 95 + 1/7 log 3 - Ing C 

1.97772 + 1/7 X 0.47712 - 

1.97772 + 0.0673 = 2.0440 = Ing C 

a = 110.7 (thi‘ I'harai'.lpriHtii; 2 deirniiiiu^s thu derimal-pnint position) 
hJxfunple 2: Uaising fraidiunal immbors. 

(0.0125)1^^ = 7 


J aing slide rule, (0.0125)” 


/j_Y _ 

" Uo/ 


1 


= 0.534 


] It.1428 I 

80“^ “ 80^ 1.87 

Using logfirithrns, 1/7 log 0.0125 = 1/7 (—2.09691) nr 


.1 ns. 


1/7 (68.09691 - 70)= 9.7281 - 10 


Antilng = 0.5347 Ann. 


|)or tool grind at y,pn is inrrcasod from 90 to 108.8 rii in. (Tram. 
ASME, May, 1939, p. 315). 

Fur a given cross-sectional area of chip, the greatest cutting speed 
for a specific life of ttud is obtained when the ratio of dejith of cut to 
traverse is large. The cutting sj)eed falls off to a inininium when the 
ratio of depth to traverse is unity. For values below unity, the speed 
increases again. 

With the feed constant at 0.0125 in. (tests 2-5 of Table 5), the 
cutting speed for a tool life of 100 min varied from 176 to 71 fpm as 
Jlie depth was multiplied, such as 176 for Id, 120 for 3d, 72.5 for Sd, 
iind 71 for 16d. The metal removed per tool grind at increased 

from 33 to 213 cu in. 

W ith the depth constant at 0.200 in. (Fig. 16, and tests 5-7 in 
Table 5), C is reduced to 1/2.5, and is reduced to 1/3.5 as the 
feed is (luadrui)lcd. Tiie metal removed per tool grind increases only 
from 213 to 288 cu in. Corresi)onding values when using an emulsion 
and sulphurized base oil are given under tests 8-11. The minimum 
nieliil j)er tool grind at is removed in the lightest dry cut, test 2, 
•and the maximuin in the heaviest wet cut. Lest 9. 


Machinability of Metals 

Steeds arc sent to the shop for machining in a cast, forged, hot-rolled, 
or cold-finished condition with a fine-, medium-, or coarse-grained 
structure. They may be fully annealed for a lamellar pearlitic struc¬ 
ture, normalized for a fine tempered martensitic (sorbitic) struc¬ 
ture, specially annealed for spheroidized structure, or quenched and 
tempered for tempered martensitic structure. They may have any de¬ 
sired hardness. The machinability rating of a steel is, therefore, a 
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functiun of many variablus, but the tool lift* tines vary, to a considerable 
extent, inversely with the hardness; i.e., the higher the hardness, the 
poorer the tool life. Brinell and Knnop hardnesses of a variety t]f 
structures and metals are shown in Table 7. 

Tablk 7. Rkchehkntativk Valuks «f Hkinkll and Knooi* Haiidnksses 
Obtained with the Tukdn Tksteu with Knoih* Indenter Diamond Nd. 8* 


j^'errite 

Brinell 

110 

Kimnp 

150 

PiMirlitc, laiiiclliir 

250-300 

350-450 

SpluTUilliKClJ 

UiO- 1!K) 


(veinc.iitilc 

050 

1,000-1,100 

iSurhitc 

170-321 

450 

AusliMiil.p, ATiSl 304 (18 C/r, 8 Ni 

0.08 C, niiix.) 

150 


Martcusili; 

372 liOO 

720 

Fusial quartz 


750 

Tnnl stiicl, nil hardi'iioil 

(He 00.5) 

700 

NitriiliHl aiHicaliMl high spnial steel 


800 

Is'itriileii hariJeiHui high speeil steel 


1,100 

C^hi'oiiiiuiii-plaleil liigh speiMl steel 


000 

Siiitcreil luiigstiai i‘ar|iiile 


1,050 

Tnjiaz 


1,250 

►Sap])hire (syiilhelii', Al.i();{) 


1,525 2,(MK) 

Aluiiiinuin oxide 


l,(i35 

Silirnn earl tide 


2,000 

Ihiroii earbide (molded) 


2,230 

Diamund 


8,000 


• (o) lilircaii of StuiularilH RtrMi;ari'h Paper UPi220 by F. Knuup, I’, ti. Pelerw, W. lb l''iiii‘rH(in, 
Journal of Hfmearvh, Bureau uf StaiidarilH, Vul. 23, .liily-I^eccinber, 1U3D. 

(fi) " Till' Knuup liiiieiitiT a.s Afiplieii tu TiwtiiiK Noii-iiietallic Maierialsfrinu I'laistirH tu Diauuuids," 
by VelyHaKbt, ASTAf liuUvlin 13M. May, 11148. 

(r) llardniwM niiiKeN fur variuur^ iiuiteriiils, " MaterialH and MelliiidH," KnKiiieerini; I'lle Fantn, May, 
11148. |ip. lOA-HMb 

[d) " The Mieru-hariineSH uf t'arbules in Tuul Sleel.i," by ]j. I*. Tanusuv, Mt-Uil 1'roorf.ss, Depeiiilier 
1[)48, p. 846. 


High cutting speeds with long tool life, well-broken-uj) chips, and 
smooth, accurately machined surfaces arc indications of good ma- 
chinability. These do not always occur togetlier, so the selection of 
the steel and its structure must be based on the factor of most im¬ 
portance. 

Low-carbon steels, 0.30 per cent carbon and less, give the best 
iiiachinability ratings when normalized and/or annealed to produce a 
lamellar pearlitic structure. A quench and temper to produce a fine 
spheroidite also give good machining properties. 

Low-carbon steel machined in the hot-rolled or annealed condition 
frequently gives short tool life. Large, unbroken areas of free ferrite 
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are detrimental to good macliinability. As the cutting edge of the 
tool passes through the ferrite mass, it is resisted by the soft, rubbery 
tenacity of the ferrite. The material tears and pulls, producing long 
chips which slide over a large area of the tool, causing excessive 
frictional heat. Pcarlite, on the other hand, is harder and fractures 
easily, so that chips of this material are removed with less ductile flow 
and less distortion, and consetiuently with the generation of less heat 
on the tool. For the low-carbon steels it is therefore desirable to 
decrease the ferrite or mollify its structure and increase the i)roj)ortion 
of pcarlite. This is effective up to the medium-carbon steel range. A 
coarse as-rollcil grain structure of lamellar i)earlite and the j)n‘sence of 
some constituent wliich becomes soft at the cutting-edge and chii)-tool 
interface, such as magnesium sulphide or lead, to break uj) the con¬ 
tinuity of the ferrite, greatly improve tool life. Alarkeil l)anding and 
heavy ferrite segregation in normalized and annealed steels will reduce 
tool life and produce a rough, torn surface. 

Low-carbon and free-cutting steels for screw-machine work usually 
are cold finished to give accuracy of dimension, freedom from scale, 
and improved macliinability. The cold finishing consists commonly of 
acid iiickling the hot-rolled steel, coating with lime, anil cold drawing 
through a die with a reduction in diameter of Vm^-Vii; i*^- to desired 
size. This drawing causes deformation along slij) jilanes within the 
Jerrite grains throughout the bar, disrufiting these smooth jilanes, 
making the metal harder and more brittle. Low strength and low 
ductility are desirable factors for macliinability. 

For examiile, a piece of standard hot-rolled steel 1 in. in diameter, of 
0.18 per cent C and 0.46 iier cent Mn, if cold drawn to q in. diarn., 
will have its jiropcrtics changed from the values given first to those 
given second: 


Tun .Slip .striJiiKth, psi 
Yield tiircngUi, psi 
Elongation, per coni 
Reduction of area, per cent 
Charpy impact, ft-l'i 
Hardness 


64,300-83,200 

48,000-74,000 

36-18.5 

67-8-4i0.7 

52.7-43.5 

Rockwell B72 or Brinell 126-Bl)3 or 197 


The cold-finished bar shows better macliinability in well-broken rhips, 
better surface quality, and longer tool life than the hot-rolled steel. 
Further increased cold working would raise the tensile and lower the 
ductility values and improve the marhinability, until for liigher-carbon 
steels a maximum value of about 120,000 psi is reached. Beyond 
this, cutting forces as a result of liigher strength become so great that 
fhe steel must be annealed. The higher-carbon and alloy .steels arc 
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generally subject to increases in tensile strength beyond this value by 
cold finishing, and they must therefore be annealed before being cold 
drawn or machined in the hot-rolled condition (data furnished by 
Geo. Witteman, Bethlehem Steel Co.). 

The Bessemer free-cutting steel, AISl 131112, screw stock, con¬ 
taining 0.1fM).23 per cent sul|)hiir, 0.13 per cent C max., and 0.70-1.00 
j)er cent Mn, is used cold drawn in screw machines for small low- 
stressed parts. It will not produce high-quality carburized parts, 
yet it can be cyanide hardened for use where shock is not encountered. 
Cold-drawn AISI B1113, containing still higher sulphur (0.24-0.33 
per cent), machines 20-40 j)er cent faster but lias lower physical 
projierties. Open-hearth free-cutting steels, such as ALSI Cl 120, 
are resuljihurized to contain 0.08-0.13 ])er cent sulphur and are useu 
in sulistantial quantities. Tlie steel is somewhat stronger than AISI 
HI 112, jiermits cutting sjieeds slightly lower, but can be fiack lianlened 
satisfactorily. A 1.10-1.40 jier cent manganese, 0.16-0.23 per cent 
suljiliur, fast-carburizing steel, such as AISI Cl 116, is excellent for 
parts to be carburized, such as forgings, bolts, levers, sprockets, pinions, 
and rollers. It inacbines almost as readily as B1112, but must be cut 
with less rake to l)reak \\\) tlie chi])s. The bigher-carbon-manganese 
steels, sucli as 1137 and 1141, 1.35-1.65 per cent Mn and 0.08-0.13 
per cent S, machine well and may be heat treated to give high jihysicals. 
Values of C for steels 8-13, Table 6, rei)resent current cutting speeds 
for screw-machine work. Leaded steels, cniitaining 0.25 per cent lead, 
olTer 10-40 jier cent increased cutting speeds witli no deleterious effects 
on i)hysical jntiperties. They are not p()j)uhir, because of their health 
hazard and tiie persistence of lead in the scrap. 

Normalizing also is indicaterl for the low-medium-carbon, €.30-0.40 
per cent steels, the cmding being fast enough to give a pearlitic struc- 
(ure of mnderate grain size, A small grain size gives a better surface 
finish. 

The cutting-sj)eed tonl-life relationship is shown for a medium- 
carbon steel, SAE 1045, with different structures in Fig. 17 (Trans. 
ASME, March, 1940, p. 186). The equations of the lines on log-log 
paper are indicated in the figure. All lines are parallel but are dis¬ 
placed vcrtieally because of the difference in hardness and structure 
resulting from ihc different heat treatments. The highest cutting- 
speed line for the annealed bar, with a pearlitic and ferritic structure, is 
80 per cent higher than the lowest line for the quenclicd bar with a 
structure uf troostite and sorbite. The bar eold finished after anneal¬ 
ing has large-giiiin i)earlite with a licavy bmmdaiy nl' ferrite. In the 
drawn bars, the structure is mostly sorbite (170 -321 Brincll) which is 
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hartl anil tomls to give goorl surface finisii hut lowers the iooJ life. 
The tool life in minutes for a cutting speed of 130 fj)in, 7V,„, for the 
bars from the bottom to lop is 0.3, 0.8, 2, 37 ami 64. The last value 
is 2,100 per cent of th(‘ first. 

For the high-medium-carbon steels containing 0.50-0.60 per cent 
carbon, the annealed structure with lamellar i)earlite is best with the 
])carlitic grains not entirely surrounded with ferrite. The eutectoid 
steels with carbon id’ 0.85 per cent or more are machined best after 
the spheroidizing anneal. 



Fig. 17. Tool-Life CuttiiiK-Spccd Rcliition.s When TunuMR Aiun^alRrl, Colil- 
Fini.sheil, and IleaL-Trealed SAE 1015 Steel, Dry. 

Deptli nf rut 0.100 in., anil fin^cJ 0.0127 in. lliish Hpml IduIk, ^ in. m]., uf 8, 22, 0, 0, G, IG, -'in i 
Nhapl^ wr*rp uaimI. Thr iTiai:hinal)ility riitin|E8 of llit* HtriictuntA uru, frDin tJiB tup down, GO, 55 , 42, 30, 
jiiiil 30 per cent, rBspeetively. 

In a stmly of the relation between micrnstructiiro anrl macliinnhility 
of alloy gear steels {/ran Age, Sept. 30, 1937, p. 70), Dr. Woldman 
observed that the oil-hardening steels, such as SAE 6150, 3250, and 
4350, which machined best in automatic screw machines had a coarse, 
spheroidized struchire, while the steel which wa.s most difficult to 
machine had the lamellar pearlitic structure. The SAE 6150 steel, with 
a fine sjihoroidized structure, dulled the tools more readily and de¬ 
veloped more heat during machining than the coarse spheroidized 
structure. In broaching, a siiheroidized steel gave a raggerl, rough, and 
, often a torn surface, while the sorhitic or lamellar pearlitic structure 
produced a smooth and clean surface and longer tool life. In gear 
cutting, the spheroidized structure produced a rough surface with 
burrs on the tooth end, while a lamellar pearlitic or sorhitic structure 
produced a smooth, clean surface with no burrs adhering. A coin- 
jmmiise in structure must be accepted to obtain the most desirable 
machining by the various processes. 

Figure 18.4 shows a scries of V-T lines on log-log paper for SAE 4340 
^tcel in a condition of mill annealed and quenched and drawn at several 
temperatures to produce the hardnesses indicated. An emulsion con¬ 
sisting of a soluble oil reduced with 20 parts of distilled water at a 
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teinperatliro between 100 and 110° F was dirnctiul on tho tool fare at a 
velocity of 358 fpm to give a volume flow of 3 gal per min. 

At a Brinell hardness of 300 the cutting speeds for other SAE steejs 
were as follows; X3045A, 101 fpm; 5145, 103 fpm; 4145, 110 fpm; 
4645, 112 fpm; 3145, 118 fpm; and X4345, 120 fpm. 

The alloy steels are used where high physical jiropertics are required. 
The low-carbon, 0.80-0.90 per cent Cr and 0.10-0.15 per cent Va steel, 



Fin. 18A. Cutting-Spped Tool-Life LinR.s on Tjog-TiOg Paper for 2-in.-tliain. Bars 
of SAE 4340 Steel iit Different Brinell llariltiesseH When Machined with 18-4^2 
High Spend Steel Tools ? h oi- stj. of a shape of 8, 14, (i, 6, 6, J5, ^^4., with Depth of 
Cut of 0.050 ill. and a Feed of 0.0127 in., Using an Emulsion. {Tram. ASA/, De- 

ceinher, 1043, p. 055). 

AISI 6120, machines at about 50 per cent of the speed of Bessemer 
screwstock but, when carburized and hardened, develops a hard case 
and exceedingly tough core, the needed combination for shock and 
wear resistance. The A4340, 6150, 8640, 8740, 9440, etc., .steels are 
the most useful general-purpose alloy steels and, when heat treated, 
give tensile strengths of 140,000-160,000 psi, yield points of 120,000- 
135,000 psi, elongations of 15-20 per cent, and reductions of area of 
40-50 per cent. They are suitable for highly stressed machine parts, 
such as pins, constant mesh gears and worms, cams and cam rollers. 
A nickel-molybdenum steel, SAE 4615, develops a hard case and a 
core of good ductility with a minimum distortion of the piece. 

SAE 3140 steel is used for gears, drive sliafts, and other highly 
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stressed parts similar to the 4340 and 6150 mentioned above. Its 
analysis in per cent is: C 0.34-0.45, Mn 0.60-0.90, Ph 0.04 max., 
S 0.05 max., Ni 1.00-1.50, Cr 0.45-0.75. Figure 18B shows the physical 
properties of this steel in sizes from % in. to 1^2 in. diam. or thickness 
when oil-quenched from 1475 to 1525° F and then tempered at various 

Tempering Temperature - "C. 

100 200 300 400 500 600 700 



Fig. IBB. Tho Phy-sinal Proporties of SAE 3140 Stoel When Quenched in Oil and 
Drawn at Various Temperatures from 400 to J ,400“ F. 

temperatures indicated on the horizontal scale. This shows how the 
tensile strength is reduced at high tcmi)ering teiniieraturcs and how the 
ini|)act value is intToased. 

Hard-steel parts showing martensitic or troostitic con.stituents 
••usually are finished into de.sired form.s in the machine shop by grinding 
operations. For machining austenitic stainless steels at moderate 
speed but heavy feeds, tungsten or molybdenum high speed steels are 
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satisfuctory. At higher speeds and lighter feeds, cobalt high speed 
steel or cast-nonfcrrous-inctal tools are better. For production turn¬ 
ing at high speeds sintcred-carbidc tools are best. A full continuous 
flow of a rich emulsion is desirable, and the cutting should be con¬ 
tinuous so as to minimize work hardening, characteristic of these 
metals. Sulphurized oils are best at low cutting speeds, as in ream¬ 
ing and tapping. Manganese steels fl3 per cent Mn) are machined 
with cobalt higli speed steel, cast-metal, or sintercjcl-carbide tools at 
vu*ry low speeils with rather heavy feeds and no interruption of the 
cutting, as this metal, very soft initially, Avork-liardens extensively. 

Free-turning stainless chromium iron (AISI 416, 13 Cr, 0.10 C) 
f)erinits the use of tj)ols and 70 per cent of tlie cutting speeds used on 
SAF 1112 steel with the same satisfactory finish. The free-machining 
IB-B (18 Cr-8 Ni) stainless steel, ALSl 303, containing sulphur or 
selenium as a free-cutting medium, cuts the machining speed of stain- 
l(‘ss .steels to half that of HI 112. 

Tliose metals which work-harden appreciably ofti‘n are machinerl in 
the hot-rtdled or annealed condition. A continuous flow of sulphurized 
oil sIiouM in; used, and cutting should not be interruf)ted. 

Nonferrous metals also are maile free-machining by inli oducing cer¬ 
tain elements. The machinability of yellow brass, 1 in Table 6, and 
high-strengtli i)hosphor l)ronze (88 Cu-4 Sn-4 Zn-4 Pb) is improved 
greatly by this addition of leatl. A free-maehining aluminum alloy,' 
designated as 118-T3 by tlie Aluminum Co. of America, contains 5.5 per 
rent of copper and 0.5 per cent of lead and bismuth to protluee 
long tool life, a good finish, and well-broken-np chips. It is excellent 
for screw-machine work. The 17S-T4 alloy is stronger than the 118 
but is better for dcep-liole drilling. 

Gray iron is in a general way lamellar pearlitie steel plus large 
flakes of gcapbito. The graphite occupies from 11 to 17 i)cr cent of 
the volume of the metal. Tlie matrix metal has the tensile strength 
of steel of similar analysis and microstructure. This may vary from 
almost imre iron of 40,000 psi to a pearlitie steel of 120,000 psi. By 
controlling the graphite flakes, tensile strengths between 10,000 psi and 
60,000 psi or higher can be prodiiceil. ASTM 8i)ecification A-48 
gives seven classes of gray iron from No. 20 (20,000 psi) to No. 60 
(60,000 jisi). Gray iron is generally considered easily machinable. 
The lower-strength irons normally machine fastest and have tlie best 
vibration damjnng capacity. The grapliite causes tlie chips to be well 
broken. As the brittle chijis are broken off. the cutting edge scrapes 
over the surface, smoothing it and bringing it to size, so that the tools 
fail by flank abrasion. 
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Whito iron rnniposoil ol poarliU’ with inassivo ciMiu'ntite having a 
lirinrll harrlnoss of 600 should be ground or turned with tools of 
sintered carbitle at low speerls and fine feeds. Cast iron with ehilled 
surfaces and inclusions of nmlding sand usually produces machining 
difficulties and requires car))iilc tools operating at heavy feeds. 

Iron castings can be stress relieved by holding at 1,000-1,050° F 
for an hour iier inch of heaviest section and cooling slowly, after which 
the inachinability is very good. They also can be quenched and 
drawn to give a high hardness (550-600 Bhn) for best wear j esistance. 

A plain iron, 3.50 per cent total C, 1.21 Si, and 0.62 Ain, has a 
tensile strength of 23,900 psi, a Brinell hardness of 165 on the surface 
to 155 on the interior, and a of 121 fpin for a high speed steel tool, 
5) Table 6. 

A nickel iron, 6, Table 6, with 3.43 i)er cent C, 1.13 Si, 0.53 Mn, and 
1.44 Ni, has a Brinell harilne.ss of 163-165, a tensile .strength of 28,550 
psi, and a of 160 fpni on the scale and 123 on the inteiior. 

A nickel-chromium iron, 7, Table 6, with 3.52 per cent 1.07 Si, 
0.56 Ain, 2.26 Ni, and 0.49 Cr, has a Brinell hardness of 207, a tensile 
strength of 34,000 i)si, and a I';,,, of 84 f))m on the scale and 75 on the 
interior. 

Chioiniurn up to 0.30 pvr cent gives a high-strength hard iron. 

Alolybdenuin from 0.20 to 0.50 per cent, as well as chromium 

4 iul molybdenum together, gives a high-stnaigt h hart! iron. Nickel- 
nn)lybdcnum arhlitions give the bi*st machining iiM)n, which has high 
strength and dense structure — good for pump bodii“s, etc. 

Theiinosetting plastics arc readily machined. Alolded pheiiolics 
(Bakclite) anti urea (Pla.skon) have high-abrasive and low-lieat-dis- 
sipating qualities, so care must l)e exercisefl not to exceed speeds and 

cuts which cause overheating and damage both tool and work. Air 

blasts tlirecterl at the cutting edge arc effective coolants, minimize 
friction, and prolong tool life. Liquid coolants are effective but are 
kept clean with difficulty, and the ])arts must be cleaned after 
machining. 

^^'heu turning, grooving, or undercutting plastics, sharp higli speed 
steel tools may be used at .speeds slightly higlier than those used on 
cast iron; i.e., 100-150 fpm. Nitrided and cliromium-jdated higli .si)eed 
steel or cast non ferrous alloys are more abra.sion resistant and will 
withstand temperatures higher than high speed steel and so operate 
satisfactorily at 200-300 fpm. For large production, sintered carbides 
are recommended to be used at speeds t)f 300-400 fpm. All tools 
should be ground with a slight rake and a 7-8-deg relief. Diamond 
tools retain the keenest cutting edge and reduce heat generation. 
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Tliuy may be nporated at very hisb speeds, such as 800-1000 fpm at 
light finishing cuts, giving accurate sizes with high surface ipiality. 
The higher cost is justified for very high production. 

Plastics with wood-flour, fabric, and cotton fillers machine best, 
whereas those with mineral filler are very abrasive and chip readily. 

Cutting Forces and Power of Single-Point Tools 

A tool is more efficient from a force or power standpoint when the 
cutting angle is siiiall. The cutting force is reduced nearly one-half 
when turning cast iron as the rake is increased up to 35 or 40 deg, 
and wlien turning steel up to 45-60 deg, after which the rate of 
reduction in force is less. However, a value of cutting angle is 
reached where the heat is not carried away from the cutting edge 
ill the same luoporlion to the rate at which it is generated, or the 
kv.vn cutting edge is too frail to sujiport the load, and the tool life 
is sliortened. 

( 'Uttiiig forces or power at the cutting tool may be measured in 
various ways, such as; 

1. Dynainonietcr. 

2. AiuiiiiHcr. 

3. Wiilliiicler. 

4. Calorimnlor. 

5. 'rhiMinoi'cnijile. ^ 

A dynamometer, a device which indicates the cutting forces at the 
tool point, is most reliable, inasmuch as the mechanical efficiencies of 
the motor and machine arc eliminated. Dynamometers have been 
applied to planers, lathes, milling machines, drill presses, etc. They 
may hold the work or the tool and measure one or more components 
of the force. From these forces or energy recorded, the net power 
at the cutter, hpr, is determined. 

An ammeter in the line may be of sufficient value where the voltage 
is fairly constant as an indication of the power developed by the 
motor. Ammeters of this tyjie are installed on a number of machine 
tools such as the Blanchard surface grinder, so that the operator can 
know at all times the power developed by the motor. 

A recording wattmeter is more satisfactory, as this automatically 
compensates for variations in voltage. TJiis device will record the 
gross horsepower, hpp, developed by the motor when the machine is 
under cut, and the tare horsepower, hptj developed by the motor when 
the machine is running idle but not under cut. By subtracting the 
tare from the gross power, the net power, hpn, developed by the motor 
to effect the cutting is developed. This net power times the mechani- 
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cal efficiency of the machine and motor will give the horsepower at 
the cutter, Tipc, as discussed below. 

A calorimeter has also been used to determine the heat balance 
of all work done in a metal-cutting oi)eration, such as drilling and 
milling. The work is submerged in a liquid during the cutting, and 
the total heat developed is absorbed by the liquid, the tool, the chips, 
and all parts closely associated with the cutting operation, so that 
the amount of this heat can be computed. It has been found that 
this lieat is practically equivalent to the power developed at the cutter. 
Cut l ing tenij)eratures at the tool point have also been determined by 
means of a tool-work thermocouple, a two-tool therinucouple, or two 
independent tool-work thermocoiqdcs of different tool materials work¬ 
ing together concurrently under given cuntlitions. The elentromotive 
force developed is recorded on a ])otentionieter, and the temperature 
is determined from the emf-temperaturc calibration curve of the 
theniiucouple. 

The forces developed l)y the cutter of a machine tool and the power 
requirements of the mofor art* of imi)ortancc for several reasons: 

1. Tlin snlpctitm of thn pro]M*r size of motor to bn I'lnploynd on thn miinliinr 
tool. 

2. Tin; dn.sip:n of llu; powor trnn.smission from thn motor to thn milting tool. 

3. Thn dnsign of thn fnnd triiihsinission mnfliixnism, whnthnr liydraulin, pnnii- 
nmlif!, or miM'hiininal. 

4. Thn dntnriiiiriJition of sirnssns and dnflnntions in thn friimn anrl various 
parts of the maniiine tool. 

5. Thn purpose of dnsign of jigs, fixiurns, and spncial tools for holding the 
work during thn niai'hiiiiiig opnralioii. 

6. The selection of thn proper size of cutting tools and their a])plii‘iiLiun. 


Straight-Line Cutting 

The influence of the thickness (feed) of chip / as represented by 
^tlie depth of cut per stroke when planing the top of a land of uniform 
M’idth w is shown in Fig. 19. The arca-of-cut A curve is a straight 
line varying directly as the thickness of chip for the constant width. 
The total force F at the tool point, as obtained with a dynamometer, 
forms a curve nearly straight, but slightly concave downward when 
plotted over A. The total force F divided by the area of the cut A 
producing that force gives the unit force, F^, the values of which are 
shown plotted as a curve concaA^e upward, having the greatest value 
^nr the thinnest chip. When the chip is 0.003 in. thick, the unit force 
is about 365,000 psi. When the thickness of chip is 0.024 in., the unit 
force is only 190,000 psi. For a further increase in thickness of cut, 
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I hr unit furcc vvuiihl hr rrHurwl but lit.tir (“A Kesetirrh in llir Klr- 
nirrihs nf Metal Cutting,” Trans. ASME, Vnl. 48, 1926, p. 749). 

This shows that thiek chips are reniuvctl more efficiently, from a 
force or power point of view, than thin chips. Tlic equation for the 
total-force F curve is F ^ 81,300 w;/"in which iv; is the width of 
cut and / the thickness of chij) in inches. The formula for unit force, 
F„ = 81,300/ shows it to be independent of the width nf cut. 
It will change for difTc'rent materials and tool shape. In all types of 
metal-cutting processes, the cutting force j ejuains practically constant 



Fin. 19. Oiittinn Fnrrn-Thirkness iif Chip Curves When Fi^eilinR an End-Cut ling 
PliLiiiM' 'Cnnl ViTliriilly DLiwiiwanl at a Feed / in Inehes on a hand V 4 in. Wide of 
Annealed 0.15 Per Cent Carbon Steel. 

Till* tiKil liacl a liHi'k rake uf 30 [Ing mid a aniclr of 4 and cut at 20 fpm. 

as the cutting speed is varied. This statemenl tloes not hold for .speeds, 
below 10-70 fpm. 

The values of F^ for these conditions for other metals would vary 
by approximately the following factors: 20,000 psi cast iron annealed, 
0.37; the same, as east, 0.43; rolled brass 1/4 in. thiek, 0.39; SAE 1035 
steel,* 0.87; SAFI 2320 and 3120 steel,* 0.88; 0.15 per cent carbon 
steel,* 1.00; SAE 2345 steel,* 1.04; 1.03 per cent carbon steel,* 1.23. 
These values of Fu would be increased about 1 per cent for each 1-deg 
reduction in rake angle. 

Tl\e horsepower develojied at the cutter for any metal or condition' 


♦ Annealed. 
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□f speed F, feed /, and width w may be eumputcd in either (or both) 
of two ways: (a) as computed from the cutting force and (b) as com¬ 
puted from unit horsepower values. 


(a) 


hpc = 


Total force, F X Cutting speed, V 

3po6 ~~ 


FV 

33,000 


81,300mi/'7M^ 

33,000 


(for this soft 0.15 per cent carbon steel) 


If / = 0.010 in., w = *4 in., and V = 20 fpra, 


^ 81,300 X 0.25 X O.OI"-^^ X 20 580 X 20 

=- mm -ss.iMxr = 

/»/Jc = hpc/vu in. per rnin X cu in. per min removed 

= unit hp,: X \2Vwf (in turning, tv W4)uld correspond to depth d) 

The unit hpr is 0.88 from I'ig. 22 fur SAIO 1020 furged steel (the nearest 
type available), for which 

hp, = 0.88 X 12 X 20 X 0.25 X 0.01 = 0.53 

The SAE 1020 steel Iroiu Fig. 22 ref|uires more total ])ower (or 0.88 
f(jr unit hpt.) than the 0.15 per cent C steel of Fig. 19. The latter has 
a unit hpf; value of 0.585. The former has a Brinell hardness of 196 
aiui the latter, 160. 

From Fig. 19, the cutting force F, the unit force F,,, the horsepower 
at the cutter, /ip,., ainl tli(‘ net unit i)ower per cubic inch jier minute, 
iihpcj arc as follows for several values of feed, /: 


/ 

F 

Fu 

Vc 

uhp^ 



0.001 

1(K) 

400,000 

0.01)1 

1 

0 



0 (H)3 

274 

305,000 

0 urn 

0 

02 



0.010 

575 

230,000 

0 35 

0 

585 



0.040 

1,800 

180,000 

1 .0!) 

0 

455 



For still thinner i 

■hips the 

power at the 

cutter will 

be red 

luced, 

but 

the uhpr will go 

higher — 

even to 15 or 25 for the 

thin 

chips 

of 

broaching, sawing, 

, and grinding. 






A dynamometei 

■ may be 

used im a lathe or jilaner 

til 

detc 

rmine 

the 

tangential cutting 

force alone, as shown 

in Fig. 21, 

or to 

determine 


all three components simultaneously, as shown in Fig. 20, for which 
the results were observed continuously during the cutting until the 
tool failed. Each component is maximum near the beginning of the 
cut. As the tool cups, the forces gradually fall off to a minimum at 
point when the tool face is grooved the greatest amount. At this 
time, the new irregular cutting edge formed between the crater and 
flank breaks off, and preliminary or total failure occurs suddenly and 



164 


MACHINABILITY —SINGLE-POINT TOOLS 


the forces increase rapidly. In turning cast iron, the forces increase 
slowly till near failure by flank abrasion; then, because of increasing 
friction between tool flank and work, they increase rapidly. 

A formula for the tangential cutting force, as a function of the 
feed, /, and depth of cut, d, was determined from the data in Fig. 21. 
The force values we obtained with a sharp tool after cutting for 30 sec. 
For a given feed the values of force were determined for each of 
several depths of cut; then as the depth was kept constant the force 



Fia. 20. Tho Three Components of the Cutting Force on a Turning Tool through¬ 
out Its Tool Life ns InflueiiciMl by the Built-Up Edge and Cupping of the Tool 
Face When Turning Annealed SAIi 233.5 Steel. 

was obtainecl for each of several feeds. Tliese data plotted on log- 
log i)ai)er gave the straight lines iiidiratiMl. The slojic (tan 6 = y/x) 
of each line represents the exponent of the variable. By substituting 
a value of Ft for a given / and d, eacli with its exponent, the constant 
of the equation is obtained. From these equations. Ft for any com- 
biiuition of depth and feed may then be computed. The exponents 
of d for the variable-dej)th lines differ but slightly for the several 
inetallographic structures. The exponents of / in the variable-feed 
lines vary from 0.97 for the quenched and drawn steel to 0.905 for 
the annealed steel. The constants show a wide variation [Travfi. 
ASAIEj March, 1940, p. 186). . 

Equations determined in this manner for each of the three com¬ 
ponents obtained with a dynamometer, and values of force for a 
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depth of cut of 0.150 in. and a feed of 0.030 in. are given in Table 8 
for each of two tool shapes when turning several metals. These forces 
arc independent of speed, and a change in feed here has less effect 
on Ft than does a proportional change in depth. 



Fin. 21. TaiiKcntial I’di nes nii tin* RAl'] 1045 Steel i)f Fig. 17, Using a TddI Sliapii of 

H, 22, (), 0, li, 15, 0.01. 

li'nra iiiiil Kliapf uf 8, 14, (i, 0, 0, ir», 'in. tin* i‘(|uatiiiii for tin? sulid linr bi‘i:uiiiHs Fr = CV"-**of 

(b) The horsepower developed at the cutter, hpr, as determined by 
dynamometer, would equal the tangential force Ft times the cutting 
speed V in feet jier minute divided by 33,000, tlius: 

h - 

33,000 

The net power sliould lie divided liy the inachine efficiency, 20-80 per 
cent, to get the gross jiower of the motor, hpy. 

The cu in. yjer min = \2fdV 
Thus the horsepower jier cubic inch per minute is: 

F • V F 

ithp, = hpc/liu in. pur mm = ,2 X 33,000/rfr “ 30t),000/(/ 

Net values, at the cutter, of horsejiower per cubic inch of metal cut 
per minutes, uhpr, for a variety of metals cut under the conditions 
indicated in the legend are shuwm in Fig. 22. These values rejiresent 
machinability ratings, which w^ould be higher if lighter feeds were 
used and lower if heavier feeds were used. This chart shows -how 
the machinability rating based on uhpr varies with the process. 

A chart similar to that for milling, Fig. VIII-54, may be obtained 
^with the use of a recording wattmeter. The power developed by 
the motor is recorded. The machine is first run wdth the speed and 
feed drives engaged, and the tare power, hptj is recorded. The ma- 
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Tamij; S. ('iriTiNtj-Kimi;K I'lmMi'i.As fhii SiNt:i.K-i*uiNT Tddi^s 

TDrimiliiN ilr^vi'lnpril willi ii (.liii'O-i'oriipDiii'iil ilyn;iiiiiinn‘l im- wIu'Ii hirniii^ will) a 
high Hpi^i!il sl,i;ol Lfjol. VuliioK of i;tinipiinL-nfs fur a foi'il of 0.010 in. anil ilpplh of cut 
of 0.100 in. wci-r.‘ coinpiiUMl as slinwn in pari^nlliosus: 

Tool shape: B, 14, 6, 6, 6, 15, 

(1) IH-K NtiiiiilcHH sled 

Ft = I51,00n/“*"‘ff" «« (320J 
Fi. = 23,000/“"‘r/* 2“ (13!l ) 

Fu - 40,50()/r/'* «“ (I(K)) 

(2) lliit^nilhnl SAl'^ 1020 slei‘1 

Ft = 133,(K)0/'"'W/'' (2S1) 

F,^ = 113,000/’' «r/‘"’ (101) 

Fn = 3,r)0rjr‘ "ry“-'7 (553) 

(3) Yiillow lirass 

F.,. = H3,400/'' »“f/" ‘'« (223) 

F,, = 05,100/' (53.4) 

Fr = 0,S(iO/' “7f/“ “ (40) 

(4) Li^iiilnil hniss 

Ft - 33,550/"»VY" *-i (lOK) 

(5) (\'usl irijii 

(ri) I2li Mhii, Fr = 2!),400/"’*(/*■“ (105) 

F,. - H.OOO/'M' ’ (40) 

(fc) 181 Him. Ft = 54,.500/" ’V ''“ (1!)5) 

F,. = 12,000/" "f/' " (60) 

(r) 211 Him, Fr = 04,000/" ’V "* (228) 

F,. = 13,.500/" M‘-’ (77.5) 

Tool shape: B, 14, 6, 6, 6, 0, ^/b 4 
(0) Luw-('.ar))i)ii sIrrI, iinriRiilRil, 100 Uhn, 80 fpm 
Fr = 133,000/“ »»rl (2110) 

F,. = 33,700.r" *<l‘ " (131) 

Fu = !l23f ''" (70) 

(7) SAIO 3135 sIrrI, aiiiiRalRd, 207 Him, 50 fpm 
Fr = 25!),000/'' “(f (285) 

F,. = !)50fl"» (160) 

Fr = 7,300/" »“d" “ (127) 


chine is then (ipenited under cut, and the ^^russ power, hp;,, is recorded. 
The net power hp,^ = hpy — hp,. Representative values from a test 
of a %-in.-sq hi^h speed steel tool, ground to a shape of 8, 22, 6, 6, 6, 
'Su? "hen turning SAK 3140 steel, normalized and annealed to 
give 220 Rim at / ^ 0.010 in., d 0.050 in., V = 150 fpm, are as fol¬ 
lows: The tool life to cnm|)lete breakdown was 18.02 min. The culiic 
inches of metal removed per minute equals f X d X 12V = 0.9. The 
gross i>ower was 1.70 kw, the tare was 1.10 kw, giving a net power of 
0.60 kw, which divided by 0.746 gives 0.81 Iq),,. Tliis, divided by the 
cubic inches removed per minute, gives the unit net horsepower of 0.9, 
which agrees fairly well with the values for the similar steels SAE 2320 


B, 22, 6, 6, 6, 0, Vs* 

Ft - \02jmp ^d (257) 
Fj. = 12,000/" «fYL (81) 
Fr = 704/'-^"fY" '=« (62.5) 

Ft = 174,000/" “f/ (275) 
Fr = !)50fY‘ (71)) 

Fr = 25,700/" “ (147) 
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and SAE 2345 in Fig. 22. hv. = —• From this, Ft is found 

33,000 

to be 179 lb. 

A siiitered-carbide (Krade 78B for steel) tipped tool of a shape 0, 8, 
7, 7, 8, 0, turning the above steel at 0.03 feed, 0.050 depth, and 



Afa ferial 


aeo 


a40|= 

s 

|S° 

go 

0 1 = 


^ Fig. 22. Net Valuns of llorsupower at Cutter, per Cubii; Iiieh of Mi;tal Cut per 
Minute, uhpe, for a Variety of Metals as Determined for Drilling, Milling, and 

Planing. 


Tilt! ilrill iiHRii was 5^ in. diutii., had a 3D-dRK hdix, and was upuratRd at l.y3 ni"' 0.012 ijir feed. 
The filaiiinic tool w'as of Uie piid-nittinf; typi! in. w'idi*, huviiiK hack rake, no side rake, and 

operatefl at a speed of 20 fpm when tukinK a depth of rut per stroke of 0.0ID in. 'J’hf! niillins; cutter 
W'as of the eml-ruttinK type 0.2."i in. wide. 3..'> in. diain., haviiiK 1.5-deK Viaek rake, no side rake when 
takinK a depth of I'lit of 0.12.‘i in., and a feed of 0.010 in. per tooth. The penetrutnr drill indicating 
inaehinahility was ^ in. diain., had a helix of 24 deK, and operated under a feed load of 94 Ih at fiOO rpm. 


300 fpm, gave 4.5 ru in. per min, 4.12 kw„ and 1.2 kw* or 3.91 hp„. 
The uh'Pn was 0.87, anil Ft was 430 lb. 

The hnrsepiiwer at the eiitter, hp,., is sinnetimes found from hpn by 
determining the jiower deliverer! to tin* .spinrih* for ear-Ii hp,, by run- 
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ning Prony brake tests on the spindle. This gives average values of 
/ipc = 0.80 hp„. 

NOMOGRAPH FOR TOOL LIFE AND POWER 

A nomograph, Fig. 23, represents a simplified summary of the 
effects of the various machining factors of the tool, material, speed, 
depth of cut, and feed, on the life and power of single-point tools. 
Assuming values for five of six variables, the sixth may be obtained 
from the gra[)h as illustrated in Fig. 23. A sample calculation is 

given for tool life at the left of center, ami one for power at the 

right, as illustrated. This is accomplished by connecting selected 
values on lines from points across product lines A, /^, and C. Vari¬ 
ous pairs of speed and feed values ghdng constant tool life may be 
found from the chart at the left. 

The power at the cutter, in the chart at the right is based on 

relatively dull tools, which require about 35 jK^r cent mure juiwer than 

freshly groumt tools. The chart sIujws how^ the factors of a given 
machining operation tor the steel and single-point tool can be adjusted 
with the tool life, so that the motor is loaded to rated capacity. 

A machinability rating for each of a number of metals is given in 
Table 9 to show in a general way tlie speeils appropriate for the 
initial setting up of jobs for commercial practice. These speeds may 
be adjusted to suit specific conditions as experience warrants. 

Surface Quality 

To secure the best surface quality on a metal of a given structure, 
the built-up edge should be small or entirely eliminated, so that 
when cutting: 

1. The chip thii-kness shniild be small rithnr (hrnuKh small rlpplh or through 
small feed. 

2. The true rake angle of (he (ool should h(* large. 

3. The nose radius should he large, the end-cutLing-edge angle should he small, 
or a flat: should be provided. 

4. The rutting speed should be high. 

5. Cutting fluids should be u.'^d, al low culling spreils partii-ularly. 

6 . The side-riittiiig-edge angle .should be large for heller chip removal. 

7. Conditions should be selected for maximum metal reninval per tool grind, 
and then adjustments made for be.sl finish. 

8 . High hardness and strenglh. low ductility, and low work hardening of the 
material eut favor good surface quality. 

Figure 5 shows that at relatively low speeds the cutting edge of the 
tool does not produce the machined surface. The cutting edge is' 
removed from the surface by 0.003 in. for the conditions shown. As 
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Table 9. Machinability Ratings of AISI Steei.s and Various Ferrous 
AND NoNFEHROUS MeTALS TO THE NEAREST 5 PeH CeNT, HasEU ON 100 Per 
Cent Hating for Bessemer Screwstock AISI B1112, Cold Drawn When 
Turned with a Suitable Cutting Fluid at IHO fpin under Normal Screw- 

Machine Conditions* 


AlSl Nil. 

Machinability 
Uatiiig, % 

Krill ell 
IlardncKS 

AISI No. 

Machinability 
Rating, % 

Brinell 

llardueas 

010(18 

50 

126-103 

0l45t 


50 

170-235 

OlOlO 

50 

131-170 

6L52t 


45 

183-241 

C1015 

50 

131 170 

NE8620 or 8720 


GO 

170-217 

01016 

70 

137 174 

NESOailt or 87301 


65 

170-220 

01020 

65 

137-174 

NES040t or 8740^ 


60 

17U-220 

01022 

70 

1511 102 

Nl08645t or 8745i 


55 

183-235 

01030 

65 

170 212 

Ni:8650t or 87501 


.50 

183-241 

O103r» 

65 

174-217 

0260t 


45 

J 87-225 

01040* 

6d 

170-220 

EOS 15 


40 

170-220 

0104-1* 

60 

170 220 

NE0440t 


60 

170-220 

olorio* 

50 

A 

170- 220 

1 UU ‘J-i 1 





U1U7U 







tnioo 

85 

137-166 

Type 


Machinability 

Brinell 

Billl 

05 

170-220 


Rating, % 

11 ardiiess 


Bl 112 

100 

170'-220 





HI 118 

135 

170-220 

Aluminum 2-S 


300-1,500 


Oil IT) 

85 

143-170 

Aluminuiii 11-S 


500- 2,000 


01117 

85 

143-170 

Aluminum 17-S 


300-1.500 


01118 

80 

M3-170 

llraeM - iL'iulcd 


300-6(M) 


01120 

80 

143 170 

llrasH — red 


200 


01132 

75 

187 220 

Braaa — yellow 


200 


01137 

70 

187 220 

Bronze, lead lu'uring 

200-51M) 


01111 

65 

183 241 

Bronze, iiiangauese 

150 


1820 

50 

170 220 

Co|.)pnr — cant 


70 


1330t 

50 

170-235 

(.'oiiper — rolled 


DU 


133;)t 

50 

187 211 

Duw'inctnl 


500 2,000 


1840t 

45 

187 241 

ICverdiir 


120 


2317 

55 

174-217 

(iiin 1111 ‘tiil 


60 


2830t 

50 

170 220 

Ineonel 


45 


2340t 

45 

187-241 

Iron - cast (hard) 

50 

220^240 

2rilot 

30 

170-220 

Iron- -east (ineiliuni) 

65 

103 220 

3120 

60 

163 207 

Iron — cast (floft) 


80 

160-103 

3130t 

55 

170 217 

Iron — ingot 


50 

101 131 

3140t 

55 

187-220 

Iron — malleable (Htandiird) 

120 

no 145 

314-it 

50 

187-235 

Iron — iiialleuliie 

(yiearlitic) 

00 

180 200 

E33l0t 

40 

170-220 

Iron — iiiulleiibli' 

(iiearlitic) 

80 

2(KI 240 

4023 

70 

156-207 

Inin —8taiiili'e> i]2% I'r.F.M.) 

70 

163 207 

4027t 

70 

166-212 

1 run — wrought 


50 

101-131 

4032t 

65 

170-220 

Magnesium alloys 


5(H)-2, (XK) 


4037t 

65 

170-220 

Monel iiii-tal — cast 

35 


4042t 

60 

183-235 

Monel Metal—" 

K” 

50 


4047t 

55 

183-235 

Monel iiie.iul — rullnd 

45 


4130t 

65 

187 220 

Nickel 


20 


4l37t 

60 

187-220 

Ni-Heaistt 


30 


4l4iit 

55 

187 220 

SliM'l — ca.st (0.35 

carbon) 

70 

170-212 

41.i0t 

50 

187-235 

Steel — high Siieed J 

30 


4320 

55 

170-228 

Steel — maiiganase 



4340 

45 

187-241 

(oil hardeniiiglt 

30 


4615 

65 

174 217 

Steel —stainless 




4640t 

55 

187-235 

flB-8 austeniticlt 

25 

150-160 

4815 

50 

187 220 

Steel —stainloss (18-8 I'^.M.) 

45 

170-212 

5120 

65 

170-212 

Steel — tool fhigh-earboii. 

25 


5140t 

60 

174-220 

high-cl in j mill 1 n) t 



5150t 

55 

170-235 

Steel — tool flow-tungsten, 



Eri210U 

30 

183-220 

chruiiiiuiii, and carbon)} 

.30 

200-218 

6120 

50 

170-217 

1 Zinc 


200 



* Data prcparL'd by E. M. SlaiightBr and O. W. Bostun, Jan. 27, 1047. 

ti t The terniH “ anncalL'd " (t) and “ HiihenudiziMi anneal " (t) refer Hperifically to the commercial 
practice in steel iiiillB, before cold dra\v'ing or cold rolling, in the pruductioii of the eteele Hijccifically 
mentioned. 
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the speed is increased, the built-up edge is reduced in size, and a 
speed is reached, called the optiinuin speed, at which tlie built-ui) edge 
recedes from the cutting edge and the cutting edge actually produces 
the machined surface. The surface is not changed further for the 
higher speeds. 


CUTTING FLUID 

. ORY 

IW ---- M 

f6-/ EMULSION 

SULPHIMHZED 
MINERAL OIL 

SULPHURIZED 
BASE OIL 1-8 



W ■■ ijiiL'B 




rfrrnfffiiil 












1^— j 



' ^ • '• /■ 





94 

F.RK 


Z03 

F.Rn 


46t 

F.Rn 


Fig. 24. Surfun? Quality, at Throe Cutting Spooils, Reprosontod hy Phntographs 
and Frofilograms When I'aoiiig an SAE 3140 Stool Nui iiialixod and Annoalod. 

A tiiniKNtE'ii-iaiitiiluiii-i'urliiiip tiinl m-uh uhciI, haviiiK u Hiia|ii' nf li, H, fi, G, G. 0, Mii, ripnrutinK at a 
fiHMl nf n.UG'ifi i|ir, iiiiil u rlpjali nf I'lit uf O.UtKfii in., fur pach nf fuiir putting IliiidH. Urigiikal profilo- 
Kraiiis taki'ii at 1' = lOOOX und H = 32X, and iihniugraijliM at 40X. Abuvp cut is niiP-fiftli uriKinul 
aize tu Kivp 8X fnr thp |jhntuKra|ihH. 

Figure 24 shows for each of three sjfeeds — low, medium, and high 
— that the surface finish is poor when cutting dry and with three cut¬ 
ting fluids at the lowest speed of 94 fpm. The surface is greatly 
improved when the speed is increased to 283 fpm. It is best, and 
the cutting edge actually is producing the machined surface, when a 
cutting speed of 461 fpm is reached. Profilograms are given for each 
of these surfaces taken along a path at the bottom of the cut, in the 
direction of the cut, as shown on the photograph under the emulsion 
for the highest speed. The scale of the profilogram is shown with the^ 
record for the lowest speed of the emulsion. This shows that the 
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surface quality is markedly improved with an increase in cutting 
speed. 

There appears to be little improvement in the surface quality for 
any constant cutting speed as the cutting fluid is varied. This holds 
true particularly at the highest speeds. 

The optimum speed, that is, the minimum speed to produce the best 
surface, is almost inversely proportional to the hardness of the steel. 
For different structures of the SAE 3140 steel, the optimum speeds are 
as follows: 

461 fjnii for the steel normalized and annealed, 202 Bhn. 

248+ fj)!!! for the steel normalized at 1,600° F, 277 Bhn. 

280 fpm for the steel oil-quenched at 1,500° F and drawn at 1,200° F, 
255 Bhn. 

95 fpm for tlie steel quenched and drawn at 600° F, 460 Bhn. 

QUESTIONS 

1 . Wluil is nieiinl by ii sinKlc-piiint tool? 

2. Whjit is iiipiinl by inlorinitlcnt culling? Give two or three illustrations. 

3. Naiiip several niiilRrisds of which cutting tools arc made and briefly describe 

4. What is uicaiil by tool i|iiality, and wind are the important factors of tool 
quality? 

5. Wiial is ineani by ciil ling angle? 

6. Explain tlu* difftaence belweeii a solid or .sliank type, tippcMl, and bit tool. 

7. Wlial i.s iiieanl by the inacliinaldlity of a cutting tool? 8Latc Lliree factors 
which infliii'iici' ils cfliciency. 

B. Wlial is iiieanl by llie niarliinal)ilily of a metal being cut? 

9. Ex])laiii llie format ion of ductile clii]).s. 

10. Exi)lain tlie formal ion of britt le chii)s. 

11. Exjilain how the tool profile alTccts the power requirement as well as the 
tool life when llio di’pdi of cut, feeij, and speeil are constant. 

12. Assuming llie length of a ca.sl-iion column to be 24 in., its oiiginal diameter 
2'/i* in., and the finished diameter 2Vr in.: 

(a) Figure the time to take the roughing cut, the finishing rut, and the total 
cutting time if two cuts are made. The fi*ed for the r[)Ughing cut is 0.015 in. and 
for the finishing cut is 0.010 in. Tlie cutting spei*d is 75 qmi. 

(h) What depth of I’ut would you use for the roughing and finishing euts? 

(r) Sketch a properly ground Stellite tool for ihc above job and indicate all 
angles anil the important dimensions with valur^s. 

13. A 0.30 per cent carbon cold-finisheil-steel shaft, thi' original diameter of 
whii'h is 6 in., is being turned to a diameter of 5% in., in an engine lathe. The 
cutting siieiaH in feet per minute for the high speed steel tool is 70, and the feed is 
0.020 ipr. 

(o) Find the revolutions per iiiinule of the lathe .spindle. 

(b) Find the deiith of cut in inches. 

(c) Find tlie length of bar turned to the new diameter in 1 min. 
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(rf) Find the number rjf ininules iLquireil to turn Ihu new diameter a total 
)en{|;th of 10 in. 

(r?) Draw a skt‘li*li sliowinfi; llic tool shape to l)e iiseil, and iiidieate the value of 
all dimensions and ungiris. 

(/) Make n sketch of the slia])e of the cut being taken, and indicate the deiith 
of cut and fia'd. 

14. A high-tuiigstcn coball-sleel culling lool % in. wade by 1 in. deep having a 
shape 8, 14, 6, 6, 6, 30, Vh, is cutting SAE 2320 steel, i.c., 3..‘5 per cent nickel and 
0.20 per ci*iil I'arbon, which is heat treated so as to have lOO.OfM) V'S’i teiisili’ sUenglh. 
The cutting is done dry, the tool being ])hiceil at rigid angles to llie work wdlh 
the nose at deail center. Tlie depth of cut is ^k; in., and thi' feed is y-in in. It was 
observed that, when cutting al a speral of 162 fjun, the lool had a life of 1 hr. 

(n) Make a sketch of the lool, show'ing its shape and the various angles. 

(h) From the above inforniidion, com]uite nnil tabulate the tool life for speeds 
of 40, 00, 120, and 180 fpm, respectivel.v, idot these’ data on carte’sian coordinate 
yiaper at a small conveiiienl scale, anri show’ a smooili curve through .all i)oints, 
using syieed iis oiilinalr'S and lool life as abscissas. I\se n = 0.1428. 

(r) Plot the data i'uni])uled in (h) on log-log pa])er and check the ex))oni'nt 
of T. 

15. In turning SAE 31.50 si eel, aiint’ah'il. llie force in pounds on the cutting lutd 
in the direction of cut may be exiJiesscil by 

When cutting with a light iniiieral oil containing 10 per cent lard oil, and (aking a 
c\d 0.200 in. dia’p wilh a feeil of 0.0,36 in., the pres-suii; was ff)und to be 2.020 lb. 
The lool had Ihe follow'iiig sliajK’: S, 14, 6, 6, 6, 0, 

(o) For the conditijjiis given above, find the constant (\ 

(h) Find Ft in pounils if the cut is changed from that given id)ove to a depth 
of 0.05 in. anil a feeil of 0.036 in. 

(r) li'ind Ft if the cut is 0.200 in. in ilcplli and Ihe fei'il is 0.020 in. 

iii) Fiiifl Ft if Ihe cul is changed In Vn; in. deiitli but 0.020 in. feed. 

(f) Find Ft if the cul is changed to 0.030 in. anil a feed of 0.0080 in. 

(/) Plot Ihe fnrees compuled in (h) to (r), incl., on rectangular coDidinatns over 

the area of rut in sipiare ini'lies. 

(f/) Find tile ron.stanl C for dry cutting, if the culling force is 2,183 lb wdieii 
rl ■ 0.2 in. and / - 0.030 in. 

(/i) What is the force saving iu jier ci’ut produreil by Ihe use of the oil over dry 
rutting? 

16. When turning SAE N1112 steel wilh higli speed steel tools of constant 
shape, llie fidlinviiig fLirmulas ilescribc their perform an r c: 


(а) TV’" '3 = 370 when d = 0.050 in. and f = 0.012 in. 

(б) »d-« * where A, = 10.62. 

(c) Fw = AV”® * whem A™ = 8.45. 

Find the riitling speed for a tool life of 6 hr when culling the above steel w’ilh 
the same loots, using a depth of eul of 0.100 in. and a feed of O.OOG ipr. 
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CHAPTER VIII 


MILLING 

DEFINITION 

Milling is a cutting process in which rotary cutters, provided with 
one or more teeth, arc used. It differs in most respects from drilling 
and boring in that flat or formed surfaces usually are produced. The 
cut of eacli tooth is not continuous but intermittent on the feeding 
side of the cutter. In general, the cutter rotates on an axis for cutting 
speed while the work carried on the table is fed into the cutter. A 
rigid definition of milling is not jiossible because of the many varied 
applications. 

Milling machines, as well as cutters, differ widely in their construc¬ 
tion and use. Some machines are designed with every possible con- 
venii'iice and provided with various attachments for toolroom or job- 
shop work, in which the nature of the work changes often and a wide 
variety of sizes and shapes of cutters is re(|uired. Other milling ma¬ 
chines are designed princi])ally for production work, for whii'h i)uri)ose 
they are provided with fixtures specially constructed to hohl the |)ar- 
ticidar part to be machined, and with standard or special cutters best 
adajited to the work. For repetition ^vork, milling has almost en¬ 
tirely su|)erseded shaping and planing. The use of easily made form 
cutters readily permits complicated contours or curved surfaces to 
be produced in multiple. 

CLASSIFICATION OF MILLING MACHINES 

Existing types and sizes of milling machines are so numerous, and 
9 their designs merge into one another to such an extent, that it is diffi¬ 
cult to classify them definitely. A classification based on general ap¬ 
pearance nr design and use is a.s follows: 

1. CnJuinn anil knet*, or fi?ieiJ-bL‘d type. 

2. Plain or universal. 

3. Step-conp-pulley constant-speed-pulley drive.^ 

4. Bench or floor iiiouniinK. 

5. Horizontal or VLMtiL-al spindle. 

6. Hand, meehanical, or hydraulic feed. 

7. Job shop or inanufacturinK- 

8. Horizontal boring, drilling, and milling. 
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9 . Ro[;ipronMlinp (pliiner type), or rotary tables (rotary, offset, or drum type). 

10. Thread loiliin*? and planetary milling. 

11. Diesinking. 

Column-and-knee-type milling machines, Fig. 1, are used fur gen¬ 
eral work, job shop, nr low productinn. The table on wliieh tlie work 
ia held is gibbcd to a saddle in turn gibbed aL right angles to a knee, 



CouTles-'j R. K. LeBlond Afachine Tool Co. 

Fio. 1. A Li’Blond No. IH Plain Milling Marliine of the Knee TyiJi), 1910 Model, 
]'a|uipped with Arbor and Plain Milling Vise. 

This w u thnM*-.sti*i>-i:uni*-inilli«y-iliivi* inarliinR willi .sinielr Imi-k ufiirs uf fi.41 tu 1 raliu. A I wu-Hpe.ed 
L'.uuntL'rHhuft provirhw twdvp spinilli* Mpi-i-ils rniiisini: fruiii 12 lu 3HI rpiii. Tin; friMl iiii;rhunisiii ia 
rlrivrn frnm tin’ apiiullc by bi;Jl. on ii fmir-»<ti'p-r iiin* pnllpy with liiiiih- and low-gpar rhango pruviding 
oight fui'.dH ranging from 0.004 tu 0.100 ipr of thi; apindlc. 


wliieh is gibbed on its side to the face of the eoluinn, so that it ran be 
moved to and elainiied in any desired vertieal jiosition for work. 

The horizontal knee-type inaeliines are nnule plain or universal. 
The plain tyjie, Fig. 1, permits three motions of the table: longitudinal, 
transverse, and vertieal; while the universal type, shown in Figs. 2 
and 5, permits the fourth motion, whieh is a swiveling of the table. 
The spindles have only a rotating motion. 

Step-cone-pulley and haek-gear drive are ap|)lied to the plain knee- 
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tyi>r miller in Fig. I, and the beach-type universal in Fif^. 2. Direct- 
motor drive, with the inutor mimnted in the hase nf tlie column, is 
applied to tlie plain miller in Fig. 3, and to the uiiiA'ersal in Fig. 5. 

The knee-type miller alMi is made with a horizontal, Fig. 1, or 
vertical spindle. Fig. 7. The fixed head of the vertical-type machine 



CouTtpvy 11 aiding? Broihwrn, Inc. 


Fin. 2. Thu IIiiriliiiRU Type* UM riiivursal HiKh-Spui-rl, Prc'i i.sion, HDrizontal Mill¬ 
ing Mjifhiiu* fur Tmilrnuin and Labumlory Work. 

It lias spiM-ils frrjiii 1 ID fii 1,87.j ipm with V-hi-ll ilin i- tii tin- from u twih^ii^d, rp\ iTsinR 

miitur It has thirtv-twu fi'pds, ranpinK fruiii *h m- tin 01 Ihi' Fipindh* hiih ii l-ii^kolli*t uaiiacity 

and takpH a l-in-iliaiii arbiir. TIil* tahlp tra^ p1 ib 14 in. lim^ntudiiial (only 11'a wJi|| powpr 
J^2 111- tran\L‘rhP, anil in. ^ L'rtii'al. 

may contain a vertically fixed spindle, or a sjiindlc with vertical hand 
nr jinwer feeil. Some siiiiidles are mounted in heads which .slide with 
hanrl or power feed vertically on the face of the column, Fig. 7. 

They are ailapted to u.sc a face nr end mill cutter for facing, die¬ 
sinking, etc., or for drilling, boring, T slotting, and so forth. They are 
often providetl with a rotary table operated by hand or power for cir- 
eular milling or profiling. 

By centralized control, the operator can control all ojlliifatipns of 
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the machine while standing in hia working position. In many in¬ 
stances, dual control is furnished wdiich makes it possible for the 
operator completely to control the machine from the front or rear. 
The lubrication of all macliine parts is effected by force feed and 
splash. Large micrometer setting dials on the various feed screws, 



Fin. 3. The Ciiininiuiti Nd. 2 Plain Knee-Type Milling Mnehine. 

On IliiH iuarhinE\ any Bfini'il or ft?ed may bi* aelerted by powpr from the front or rear of the machine 
by shiftinK the Biieed-fced lever to the riKht fur feeds, or to the left for speedR, until the deKired speed nr 
ferd in read on the. direrUrpiidiuK dial- Sixteen ispe.cdH rantcinK from 20 to rdK) rpiii, and Rixteen fet'da 
ranpEiiiK from \'u in. to 20 in. per liiin are provided as ataiidurd. Complete Rpeed-fee.d anil power- 
rapid-travenii! nintnilH are provided on the front and rear of the inarhiiie. Power rapid traverse in all 
dirertions is provided with the spindle stopped or running. The reetanK^ilar overarm carries self-oiling 
aluminiiiii nrhur Hiipiiorts. The ri-h|.i driving motor is inclosed in the base of the machine. A one- 
ahol lubricating system is provided for saddle and table. 


power feed, and power rapid traverse in all directions usually are 
jirovided. 

Hand millers are usually small milling machines of the column and 
knee type, the feeding movements of the table of which are hand con¬ 
trolled. They are sensitive, as the cutting pressure can be felt, and 
they are used iirincipally in the manufacture of small lots of light work. 

The fixed-bed or manufacturing-type milling machines, as illus¬ 
trated in Fig. 8, offer a rigid construction and simple operation for 
production of relatively small parts in quantities. These machines 
may be built in the simplex or duplex pattern. The simplex millers, 
Fig. 8, have but one column on which the vertically adjustable spindle 
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housing is mounted; the duplex miiehincs have two columns on which 
ojipnsed spindles may be mounted. The two eolumns may be joined 
by a bridge on which vertical spindles are mounted, so that milling 
two sides and the top of the work may he Mcromidished at one pass. 

The manufacturing type of machine, Figs. 6 and 8, is often called 
semiautomatic, inasmuch as, with proper fixtures, the work may be 



Fig. 4. A Sectinnal View of the SpiiidlR Driving (hjars of Uie Nn. 2 Cinrinnaii Plain 

Milling Miiohine. 

Power In HiiiipliiMl from the iiiutur in tlip lisusp to tin* sprookol wlipol at the lowpr h-ft. Only four K^ars 
an* ill contact fur any Kivoii tipiiiLlli* miil-kiI. All ilriviiii; KoarK an? nnnintbii on NhafLs Hii])pijiibci on anti- 
fri[;tion lioariiigH and run in a bath of oil siipplioil by a Kcar pump located over the driving Hprocket 
wheel. 

clamped and the machine started through a definite automatic cycle, 
such as rapid advance of work to the cutter, cutting feed, rapid return 
to the starting position, and sto]). Such operations are indicated in 
Fig. 9. These machines are u.sually of tlie fixed-bed tyjie. 

Some machines of this type, Fig. 8, are provided with a means of 
feeding the work into the cutter hydraulically. This type of feed 
makes it possible to control the rate of feed accurately and to vary 
the feed during the cut, Fig. 9. 

Horizontal boring, drilling, and milling machines, such as that illus¬ 
trated in Fig. 10, are jirovided with a horizontal spindle which is 
adjustable both longitudinally and vertically. The table of the ma- 
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chine on which the work is mounted is adjustable longitudinally and 
transversely and may be provided with a rotary table. An almost 
unlimited variety of operations may be performetl on sucli a machine. 
Figure 11 illustrates a typical boring job. Drills or end mills may be 
fitted into the end of the sj)indle in place of the long boring bar, or face 



Fin. 5. A IliKli-PnwcriMl, 5 IlM, Milling; Mai'.hine St*t Up in thn Maishiim Tmil 
LiilioraUiry of tlw l)i‘partiiiiM\( of Mrtal Prntu^ssiiiK for Warliiuo Ucsciirrh for Wig 
War Proiliii'lion J^oiiril anil tin* U. S. Navy Di'ptLi lim'iii. 

The wrirk inrliiiled a Nturly of the types and Hliiiprj^ of hii:li 8pL*ed steel, east iiiuiliTniiis metal, and 
tipped-eiirliide iiiilliiiK eutters in wliirli tJiu nature uf the wear, tool life, siirfure finish prodiieed, and 
power rciiiiireU was deliTiiiiried when eiittiiiK u variety of metals at various eiiinhinutions of speial, feed, 
and depth. 1'he Pnifiloiiieter and rerordiiiK w'uttiiieler urn shown at tlie left. A fdnple tooth is 
inaertiiil in the fare mill iiiiiuntMl on the fare of an auxiliary flywheel, ofiposite the fare of thn 2-in. X 
4-iii. work held in the riffiil fixture. The 2n-lip niiitor iiiounled erosswise in the base permits a stronger 
column stnieture anil makes Imtli ends uf the inutnr i|iiirkly ueressihle as well us insuriiifc perfert 
motor ventilation. A iiudtiple V-helt drive is used wliirh is inisitivi; and silent. Twenty-four ehanifes 
of siieed ranKiiiK from l.'I to 1,1100 rpin arranged in genmctrieul prugrpN-simi are available, os are thirty- 
two feeds ranging from iri to GO in. per min. A separate Ti-hp iiiutur furnisbi'S feeds, and power rapid 
traverse at IfiO in. per min. is furnished the table and T.'i in. per min. fur the knee and saddle, in both 
diroetiuns. A liypuid spiral-bevel-goar dividing head and tailstuck arc standard ciiuipment with the 
universal inacliinc. 

mills may be bolted directly to the end of the spindle flange. This 
marlline is used i)rinci]ially for precision tnnlronni work, although oc¬ 
casionally it is tooled up for work of a iiroduction nature. 

The planer-type milling machine, Fig. 12, usually is cniistructed for 
heavy-duty work where straight surfaees are to be produced. The 
table travel resembles that of tiu* planer, except that the planer-table 
travel furnishes the rutting sjieed, whereas that of the milling ma¬ 
chine furnishes the cutting feed. Planer-type millers are used for a 
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variety of kinds of milling, such as fact* milling, Avith heads mounted 
on either or both side columns or on tlie horizontal rail, and for gang 
milling, in which several cutters may be mounted on a single horizontal 
arbor, Fig. 12. 'riie heads ina}’ be fixed or may swivel to adapt the 
cutter to beveled surfaces. 



Courtvay J^uniintrond Machinz Tool Co, 


Fig. G. a Rniir View i)f the Suiiilslriiiiil No. I ItiKiihml Frniluction Milling Machine 
rif till* I'ixcMl-BiMl Tv|)i>. 

Tlip tftliln, liyriraiilic-iill.v [ii'i-rutr'il, iiuiy lisivt* ii variply uf KiiiKli- nr r-niitiinioiis i\vi:Iph nf Htart, rafiid 
Ir.'ivprMc v\-fii-k tn imiOit. iinwcr tliniUKli wi^rk, nnii rupiil Iriivprsp l.ii slurliiiK |>iiiiil.. Tht*. 'l-lip 

S|iiiidli‘ iiiuliir .sliiiwn in llii* ruri'^riiiiiiil i.s uttarlind tn tin* lipud inijiiiiti‘i.1 >'i-rlii-ully liiljiiiituldp un thi: 
ciiliiiiin 'I'lii* liydruiilii' l-li]i iiintur iind inimp an* naiiKi'-iiiuiintiMl tn tin; ri^lir. hiJi* iif thp inaL'liina. 

and till' iiiiiii]) Ik ur'iri'ssitilp I'rrjin tin* fruiit. TIip I'liulant |iuiii|i is VL•^tir■lill,^' iinninicfl ut tlie Iuwit left. 


Rotary millt'rs are usutilly ol' the vertical-siiindle tyjie. These ma¬ 
chines arc |)j*oviiled with fixtures and are used for mass-production 
work in which the cutting is continuous, that is, there is no idle 
machine time. A rotary-type miller with two spindles mounted on a 
sliding head is shown in Fig. 13. The j)arts are loaded on one side 
of the macliine, pass the roughing and then the finishing cutters, and 
return to tlie loading position where they are replaced. 

In the offset miller, Fig. 14, the cutter or cutters are mounted on the 
short rigid arbor and rotate at the proper cutting speed. The work 
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being milled is located on a fixture mounted on the table around the 
cutters and rotates in a direction ()pi)osite tn the cutter but nii an 
eccentric axis at the rate of proper feed. Offset milling is adapted for 
facing, slotting, straddle milling, sawing, milling to length, milling flats, 



CvUTiny Revd-Prcntirf Corp. 


Fig. 7. A SJisiiik-Typc Ilcliniil Mill Set Up in a Bni;k[*r Vnrtinal Milling Machine 
with SliiliiiK Head for I'acin^ the Inner SuiTaei* of a Cast-iron-Frame Casting of a 

Punch Press. 

Till' njttiT is |M)sitivi‘l.v lirivi'ii liy ii ki\v iit riKht uiiKK^ ti) its axis. Tlip clamping niL'thuds list'd arc 
typii'al Ilf juli-sliiip nr Uiw-prudiiirtioii wurk. 


and to some extent form milling. Forty gallons per minute of cttolant 
are dumped onto the work anil cutter to provide cooling, and wash 
the chips to the rear of the machine where they dro|) into the base, 
from which they are shoveled out periodically. Pick-off’ speed and 
feed gears are used, simplifying the construction. 

A drum-type miller liaving live horizontal spindles in four adjust¬ 
able heads is shown in Fig. 15. The castings to be machined arc 
mounted in tlie drum-type fixture which rotates continuously. Ma- 
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fhincs of this type may be made having two drum-type fixtures 
duplicated on tlie same shaft, giving the equivalent of two complete 
machines in one. 

Thread milling machines are those machine tools designed bo cut 
tlireads and worms. Alilling cutters are used rather than single-point 
tools, Figs. 16 and 17. 



Fig. 8. V The 4-3G Cincinnati Plain Ilyilininatir Milling Machine. 

The Hpinrilp in lirivpn thrrnieh a train r.uii.si.«itinc iif h i uuiitart. lOiKht MpaerlH, ranigring 

fruin 27 to 200 rp^i, arc proviilorl aa .staiiiiuril. The .lilt its foil by hyilraiilin proNHuru with the hy¬ 
draulic cylinder bpltinl directly to the iindnrHidi? of thr bed. The. feed inay be varied aiitoniatieally 
by trip doRS or cmiiH to any value fruin 0 bo 40 in. per mi: to ineet the rLM|uiriuiii;iit of rininh. prodiietion, 
* or output duaired. ; feed may bp rhanfrud to any ileBired valiin d rinn the eut, bm illiiKtrated in 
Fijs. 0. Power rapid traver.sR of the table of 300 in. pt* min is availabl*.. 

This machine is set up with an iiiserted-touth fune-i llinK cutter to machine the irreKiilar surface 
illu.strut[‘<l in ]''iK. lb The feed is adjusted as the cutter advances tu naintain constant power ron- 
suiiiptiun as shown by the calihrated ammeter. The dial below the ai:iineter shows the value of the 
feed at all times during the nut. 


Threads may be cut in a lathe using a single-point threading tool; 
they may be chased in a lathe using a chaser having a number of 
points on the tool, as illustrated by the thread-chaser bit in Fig. V-11, 
in which the leading points arc beveled off; nr they may be cut by the 
use of taps and dies which correspond to thread chasing in which two, 
three, four, or more chasers are mounted on the interior of a cylinder 
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CouTtvsy Cincinnati Milling Mat-hine Co. 

Fin. !). A r'ln^iliriK Cyi‘1c» on the Ciiieiiiiiati Ilydroiiuitie. 

Thn i;rnNHliii.trill'd urrii iiidictilrH Uii' siirfari' liriiiK farr luillud in Kifr. S. InHtcad uf iiNiiie a cunHtant 
feed fniiii rutter iinHitiun .1 lu D, rrr|uiriii|? vurialile power conHUiiiption over the; wlirilt' cut, a vain, 
Hlia|ji'>il til nnirnriii witli tin; nutiire of tliv nut taken, ia liulted to the iiiiivr odKC uf the table and actiiatna 
a iiliiiiKi'r iionIriilliiiK tliii rate uf liyilranlic fved. The feed ia ao nuntrulled that the iiiarhine nperatea 
at a iiuifuriii full eainirity uf tlie iiuitur for a .shorter fieriod of time for each eiit. The feed w a inaxi- 
niiiiii at iKiNiriun A uf tlie nitter where the rut is ehorl, Krudiiully reduces to [lusitiiin B where the rut 
iM areatest, ennKtaat to iiiisition C, anil then inereascui Kradually iiKain to iiositiim D when* tlii> I'lit is 
UKidn short. f'oilsiiliiruliU’ iiiarliiniiiK time may he saved by usiiiK the heavier feeds for the shorter 
eiits ill order to maintain eonstunt (levelrjiiL'd iiuwer. Rapid traverse is used tu hrinK the table to 
position A and tu n'tiirn it tu the starting iiuint after reaehiiiK pusitiun D. 



Fin. 10. The Lucas No. 43 Horizontal Boring, Drilling, iinil Milling Machine. 

The inarhine has a .'i-in.-iliani. spindh' and is eipiipped with a ilH-in.-diani. cirnilar swiveling table on 
base plate, and an auxiliary' table fur supporting long work. The swiveling table is graduated in half 
degrees and is iiiniinted on a base plate with luck bolt for four piiNitioiiN, DO deg apart, and elevating 
ball thrust bearings to facilitate swividing. The Ktar Feed faring head is shown bolted to the face¬ 
plate ur flange of the spindle sleeve. This has a radially fettling tool block so that diaiiicteia may he 
faRsd up to 30 in. Face mills may be bolted to the spindle sliM've flange when desiretl. 

This machine is uf the fixiil-bed type and of the single-pulley dri^ e. arranged for short-belt direct- 
ciinnppted motor drive, using a l."i-hp constaiiinSppfHl niiitor. Then; are eighteen feed changes ranging 
from D.tHM to 0.750 in. These finds a|iply Rqually to the siiindle in nr out for 72 in., to the spinillehead 
and tail blook up or douTi, to the saddle along the bed, and to the table across the saddle. Fighieen 
apindle speed rliangas, ranging from 7.5 to 220 r|iin, are available. An auxiliary lli-Speed Drive 
may be attached to provide seven additional spoefla ranging from 264 to B60 rpin. 
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for die threading, or tlie exterior of the cylinder for tapping as de¬ 
scribed later under Threading. 

In production work or where great accuracy and a good finish on 
the thread are desired, thread milling has been resorted to. By thread 
milling is meant the cutting of threads with a milling cutter which 
may consist of teeth mounted in a single diametral j)lane on the sur- 



Cuurttfay Lwan Miirhint’ Tnol Co. 


Fin. 11. The No. 41 Lunas Ilorizoiitnl Boring Manhiiin with Diiil Inrlir-Litor Index¬ 
ing Devine Set Up to Bore Us Own Speed-Clninge Cleariiox for Antifrietion Benrings. 

Th(> IummI mill nrf> arljiistiuj tii |iti.sitiiin with a liaml nriiiik sri tliR iliiil iiirliraturN rcail znrn w’ith 

i .;iirh [Miiiiliinatirin uf Inncth kukcn .slnmn rin the tnhli*, Avhinli rnrrnr^iuiiirlh in ihi* hririKniital aiirl vurtiral 
tii.-s tan PI'S lietwepii tliP hull's tu hi; IjiirL-il. Thi.s is the sinulliwt Lueas marhinn, haviiiK a 3-in.-diain. 
fipindle. 11 reiiuires a .'i-lijj eiinstaiit-speed inutur. 

face of a cylinder, such as the cutter. Fig. 16, or with a cutter which 
has rows of teeth, each row in the diametral plane, such as those illus¬ 
trated in Fig. 17. Multiple-thread cutters have no lead. Long 
threads, such as worms and lead screws, are milled with single cut¬ 
ters, as illustrated in Fig. 16. This class of work is supported between 
centers, although it is sometimes necessary to hold one end of the 
shaft on which the thread is to be cut in a collet and support the other 
end on a center or by some type of rest. 

The multiple-thread milling cutter, Fig. 17, is used when the length 
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uf thread to be cut is relatively short and rigid. By this method, 
threads may be cut close to a shoulder, cither internally or externally. 

A planetary-type milling and threading machine is shown in Fig. 18. 
It is used for internal or external threading and internal or external 
circular milling. P'or milling, the work is held rigidly stationary on the 
rest, or clam|)ed to the tailstock, while the cutter, rotating at a high 



Courtesy Inytmnll Milling Mof-hitte Co. 


Fir. 12. Cliaiuu'liiig Twii Lornmotive Uoils »f 0.40-0.00 Pt*r Ciiiit Carhnii Steel 
oil an InKiTHoll 100-lip, IneliiiiMl-Hail, Planer-Tyy)e Milling Machine. 

liiKi'niiiO lU-in.-diaiii. HinKKitri’il-tinitli clmiiiu’liiiK euttt'rH are rulltainiIl^ nine Hntis uf t[n;Mi. 

r'lirli mi IN in. wii1i< >iy 1 in. diM;p. Tlii> IimmI piT ininutL' is 4^ in. Apijrrixiinait'Iy 1.13 hp per 
ru in. i)f iiiL'tal cut fii*r min is rlifvclDiMHl by tliu •nufnr. Tlie nittcrs an: ijuudad with an ainiilsinn 
iluriiiK the nut. 


peripheral cutting speed, travels over the surface in a circular jiath. 
The cutter, which normally is ajijiroximately 20 per cent less for in¬ 
ternal or greater for external milling than the diameter of the work 
being milled, is carried on a shaft in turn supported on two eccentric 
sleeves. The relative motion of these sleeves forces the cutter radially 
into the w’ork at the beginning of the cut, remains fixed during the cut, 
and w’ithdraw\s the cutter from the work at the end of the put.' Tlic 
large w'orm wheel shown drives the inner eeeentrie sleeve hut is mountcfl 
rotatably in the outer sleeve. When starting to miiehine, (he worm 
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wlifi'l is rntutpii, driving t1u‘ innn’ sliTve which feeds tlie cutter radially 
[ii liejith. After traveling a slund distance, the outer sleeve is inckcd 
up and carried with the inner sleeve for one comi)lete revolution, during 
which tiim* the depth of cut is constant. At the end of one revolution, 




Caurteay Caniiuluiated Mm-hivr Tunl Cnrporatinn nf America. 

Fig. 13. A Tyju; C-(it)A Newton Coiitiriuou.s Verlira,! Miller with a 
48-in.-cliain. TaV)le. 

On the rotating taVile are eunNtnietLMl fixtiireH for liolJiiiK the work to he inachinetl. The operator, 
standing in the furrgr 01111 il, releases the pieces from the Axtures as they come from the finishing cutter, 
reloading with ca.*itiiigH to he machined. 


the worm wheel is reversed to the. starting position, causing the inner 
sleeve to revolve in the outer sleeve, thereby withdrawing the cutter 
from the work. For threading, the cutter advances an amount equal 
to the lead of the thread during the angular sweep of one revolution. 
An internal threading job is illustrated in Fig. 19. 
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Diesinking may be done on a vertical miller with manually operated 
feeds to the table. 

An automatic diesinking or profilin^j; milling machine is illustrated 
in Fig 20. The cutter, carried on a vertically adjustable horizontal 
spindle, opposes the work which is mounted on a vertical plate on a 
horizontally adjustalde table. The niov'enients of the cutter ami work 
are automatically controlled by means of a finger on a higher horizontal 



Court BUI/ OeittFrIpin Machinn Co. 


Fig. 14. OnstiMkin 18-iii. Staiiilaril Offsni Miller. 

Eqiiippnd with thriM* hi'In iif ilritilili*-ili;rk hxturPH iliwiKiHMl Id mill twu roiiKrtniibivp npiTuliuns on a 
viilvp li‘VL‘r pin Niippiirt in tliL> pliint of tin* liilornatiimal llnrvPHtcr C’ri. TliiH its u hnnri-r.laiiipiiiK 
inuHti'r fixturi* jirniiiKiil with HpiM-iul jiiws fur tliL* piirt. In tliP upper rierk iixtiiri\s, the piirt is milled to 
leiiKth by beinic fueed uii Initli eiid.s by inserted-teeth fare iriillK and ih slutted. In tlie luwi-r fixture, 
the slutted biiNN is fared iiii biitli ends, niukine fi^'e uperutiuii.s in twii revolutions. One liiindnMl and 
Hixtv uuiuidete uurls per hour with u feed uf Tla *n. per min are iditained. 


spindle which is in contact with the tenifilet on a vertical plate also 
supported on the table. An illustration of a diesinking job is shown 
in Fig. 21. This machine also may be used for general milling work 
without the automatic feerling tlcA’icc. 

Milling-Machine Drives for Spindle Speeds 

Nearly every milling machine has some means of providing various 
speeds of rotation of the sjundle or cutter. In general, milling machines 
are power driven by two methods: the step-cone-pulley drive and the 
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constant-speed or single-pulley drive, as described under Lathes. 
The range of speed varies with different classes of millers and W’ork to 
be dune. Small machines, in which small-diamctcr cutters are to be 



CouTiemy Jngersoll Milling Machint Co. 


Fig. 15. A Kivi'-Spinrllf* Druin-Typu MilliiiK Miirhiiu* for Milling the Top and 
Hottom Ilf CyliiuliT Hlorks. 

'riiR NpinillL'IiLiuil.H iiri* uiljiisr.iiblp vRrlically, niakiiiK it iiuHsihlp r-huiiKP tlip miliiis uf rut cirrlra 
if (hp muc'hiiip is tn lip iihimJ fur uther DperationH. Thi' ilniin ruiulPN [■(iiitiiiiiuiiply, tin; iioMtingN bpiiiK 
clain|ieil tu tlip riitalini; fixtiin; uii tin: Jar side of the iiiar-hini:. They [■iiiiii: in rontaet Rrst with the 
twii upper uppused spindles which ruui;h lace the surfaces, after which they are finished W'ith the cutters 
un the lower head. 


used, luive a series of high speeds, while the large machines for heavy- 
duty work, using large-diameter cutters, have a scries of low speeds. 

The constant-speed, single-pulley or geared-type ilrive is the one 
used on most of tiie iiiudern iiiaehines. This is a distinct inijirovement 
over the cnne-tyiie drive, inasmuch as accurate and strong train gears 
are used which can be mounted inside the column of a machine where 
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they are protected from dirt and injury and where they are automati¬ 
cally and continuously lubricated. The driving pulley of the machine 



CaurleHy LeeH-Bradner Co. 



Courtesy Leea-Braditer Co. 


Fin. Hi. UHlatiuri tjf Siiiglt^-Thnmd 
Milling Culler and Wiirk for Milling 
a Thread on a Worm or LnaiJ Scri*w. 

Tlir riiUt^r rutatE;N in rlirerti n of the 
nrniw tii Kivi‘ pniiuir niltiiiK HpCRrl, and ih fml 
paralhil In tliii axin uf thui tlirnail mi aiiiniint 
Di|Uiil tn till' load fur uarh rnvnlutinii uf thu 
HiTuw. 'I'lii' wiirk may he iiiimnliMl hntweun 
rniilcrN um Mlinwn, ur held in a eullet while heiiiK 
iiiilh'tl. ll nitatuM in tin; Name dirertiuii ai« the 
cutter tu pruvide the euttinK feed. 


Fifi. 17. A Setup Showing the llela- 
lion of the Multiple-Thread Milling 
Cutter and the Work Heiiig Threadeil. 

The iMitter in firnt fed inward thu wurk in 
depth uf iMit, after whirh the wurk rutates une 
cuiitplete riivuliiliuii whila thc! iMiitPi- iiiijvhh 
uluntf till' wurk an amuiiut I'lpial lu the thread 
lead. .\t t he end uf uiie revulutiun, the nitter 
is withdrawn. 



CourtHsy Hall I'lanelary Co. 


Fig. 18. A Planetary Type Milling Maehine. 

may be driven by belt directly from a main drive shaft, a jackshaft, 
or directly from a motor placed remotely or built into the machine. 
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A .sectiuiial view nf ihv Nn. 2 C'iiicinnati plain milling marhine, showing 
the arrangement of gears by which power is supplied to the spindle 
from the iniitor in the base through the ennstant-speed sprocket wheel 
at the lower left, is shown in Fig. 4. The multiple-disk clutch and 
brake for starting and stopping the machine are shown within the 
column to the right of the sjn’ocket wheel. Various speeds are obtained 



Fir. It). PlaiiiithreaLling a Malleable Casi-Iniii Differential Housing for Bearing 
Retainers of Bevel Pinion Shaft. 

The huiiHiiiK is loriited hy ilijwel pins un ii slidiiiK head whiidi is ready tii he famed by an air-cluick 
piston rod against a locating plate in tin; spiiidlc. TJic diameter of the nut is .1*^ in., and tliu thread 
milling time from floor to flour is TiQ ,scc. 


by engaging different driving gears of the train. Machines of this 
lype may be securefl having a standard speed range for general work, 
or equipjied with a low series or high series to suit special requirements. 
The milling machine shown in Fig. 4 is ])rovided with sixteen speeds 
ranging from 20 to 500, while the one in Fig. 5 has the unusually large 
number of twenty-seven siieed changes ranging from 15 to 1,500 rpm. 
This has been designed to provide proper speeds for cutters of large or 
small diameter and to provide high peripheral speeds made possible 
by the use of the new sintercd-carbidc cutting tools. 

Alachincs built primarily for mass production, such as the Oesterlein 
tilted offset miller shown in Fig. 14, have the train of gears for speeds 
so constructed that one pair, known as pick-off gears, may be replaced 
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easily by another pair for the j)urp(jse of changing speeds if the ma¬ 
chine setup is to be changed. This simplifies the machine construction 
and reduces its initial cost. Usually only one set of pick-off gears 
for speeds or feeds need be purchased with the macliine for a specific 
setup. 



CourlPHU Ktlhr Mechanical Enuinrptinu Cnrp. and l*ralt and Whitney Co. 


Fiii. 20. All Aiiloiiiatic Diesiiikinf; Miller. 

It in pniviiltiil with u twii-iiicn* iliikU* wurk-lmlrliuK fixhiri', ii.s wnll nn thr^ Rliirlrinal ciuntrnl 

ilevirp tij rn|.iriiiliiiu' in .stppi, iiiuiintpiJ mi tlip lower plates, the shapes uf teiiiplrt.s nr rlepressiniis. An 
end mill riitter in nhiiwn iiii the niy;ht-hand end iif the Inwer hurizniital niiiiidlc. A feeding hiiKer mi 
the upper npiiiille cuntacis with tciiipletn or imprennionn to he repriidur.ed. The teinpletn arc muuntbd 
on the upper iliikIc plate. 


Milling-Machine Drives for Feeds 

The feed of the milling machine is the movement toward the cutter 
of the table on which the work i.< mounted. 

Feed movement: On knee- and column-type machines, there are 
three possible directional movements of the table, namely: longitudi¬ 
nal, in which the table is fed lengthwise on the saildle; transverse, in 
which the table and saddle are fed crosswise on the knee; and vertical, 
in which the table, sadille, and knee are moved vertically on the col¬ 
umn. Vertical-spindle maehines may have, in addition tfi the above, 
a vertical feed to the spindle, and all milling machines equipped with a 
rotary table or drum have rotary feeds. 

Feeds, hand and power: Any of the above feeds may be operated 
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by hand or power. On small machines such as bench millers and hand 
millers all feeds usually are operated manually through a rack and 
IcA'cr-driven i)ininn, or by a crank and screw. Many older knee-type 
millers lor toolroom work. Fig. 1, have hand and jniwer longitudinal 
feed, but only hand transverse and vertical feeds. The more modern 



Courtesy Keller Mechaiiival EnyinKeruio Carp, and /‘rail and IVhilney Co. 

Fig. 21. A Pair of Lifting-Lnvnr Dios Boing Cut in I Ioat^Troati?d Stnnl on a 
T(!mi)li;t-Typc Die-sinker. 

A pair uf exiRting dins as shown abuvn ware used as miminrs. All navities, lonks, Kates, and flat 
Burfai^es were rut, as .shown in the lower part of the pietiiru, from solid Idon-ks of steel, nu pr(!paratnr>' 
work hiiviiiK been done lief ore tlie die blonks were mounted on the miir-.liiiie. The finger in rontar.t 
with the master ha.s the sami! furnt as the eiitter. The total eiitting time for inaehiniiiK the pair of 
dies from the flat surface blocks w'as 211^2 hr. 


kncc-typn millers may have hand and power feed and power rapid 
traverse in all direetions. The fixed-bed-tyiie millers, as illustrated in 
Fig. 8, have power feed and power rapid traverse longitudinally for the 
table, and vertically for the head. Vertical-spindle machines for light 
work may have some or all directional fccrls only manually operated, 
while the larger sizes, Fig. 7, usually embody power feeds. The 
modern horizontal, Itoring, tlrilling, and milling machines, as illus¬ 
trated in Fig. in, usually are provided with hand and power feeds to the 
table, head, and spindle. Large planer-type millers are equipped with 
power feeds and power rapid traverse for the longitudinal travel of the 
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tiihlc, nnd the vririou-s Iiciuls in.iy Jiavo iruIcpiTirlrnf j)D\\Tr /eorl am] 
jMivvrr lapiil traviTsc as rlosircMl. 

Tlif' frod is nhtiiiniHl in tin* rniary-lyiu' inilh'rs hy rnlatiii^' tiu' table 
earryirip; tin* work unifnniily anti ^•()ntinut^lsly, while the rutter rotates 
to provide the eiittin|j: sjieetl. In threatl niilliiifj; inaehines, jtower feeds 
are used to insure uniformity and aeeuraev of the eut. 

Feed drives: The tables earryins the work to be milled may be 
pow(?r fed mechanically or hydraulically. A lead screw is usually em- 
|)loyed in the meehanifal drives, altluiii^li tlie worm and rack are used 
in the large Sellers [)hiner-type miller. Power fe(‘ds may be obtained 
by belt tlrive Iroin a step-eone pulley on the spindle, by Itelt anti step- 
eone pulley anil gearbox eoinbineil, Fig. 1, or, in the more modern 
maehines, entirely by a train of gears as iliseussed below under Fved" 
Df^signntion. 

In modern inaehines, all feetl-ehange gears are built into the ma- 
ehine. In mass-|)rotluetion maehines, the train of gears, for feeils as 
well as I'oi' speeils, eontain.s a pair of pick-ofF gears which may be re¬ 
placed easily by anotlier jiair if the machine setui) is to be changed. 

Since 1922 there has developed a great and ra[)idly increasing 
trend toward the use of hydraulic-feeding mechanisms on metal- 
cutting and forming machines. These are discussed later under 
IJydrmdir Feeds. 

Milling machines employing the hydraulic drive are illustrateil by 
the Cincinnati Hydromatic in Fig. 8. Hyilraulic feeds jicrmit very 
flexible machining cycles in which power rapid traverse is jtossible 
through the nonmachining jiart ol‘ the stroke, anti feeds may be changed 
iluickly or gradually during the cut, Fig. 9, in which cast* the object 
is to keeji the machine and motor oiierating at uniform full cai)acity 
even though the amount of metal being removed by the cutter varies at 
different jioints. This shortens tlie time requireil to j)erform the opera¬ 
tion. 

Feed designation: There are two feed systems a|)plied to milling 
machines in gencrtil use — feed in thoiisanilths of an inch per revolu¬ 
tion of the spindle and feed in inches per minute. Standard jiractice 
is to make cone-driven machines, Fig. 1, with the feed mechanism 
driven from the spindle and reading in thousandths of an inch per 
revolution of the spindle. AVhen the spimlle speed is increased or 
decreased, the travel of the work is changed in jiroiiortion, but the feed 
in inches per revolution of the spindle remains constant. 

Single-pulley or constant-speed-drive milling machines, as well as 
hydraulically driven machines, designate the feed or table travel to ' 
read in inches per minute. In the geared machine, the feed gears are 
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driven from the eonjstfint-sjjeed sliaft ratlier tlian from the spindle 
and are, therefore, indejiendent of the sj)indle speeds. Hydraulic 
feeils also are indei)endent of the spindle speeds. This system pre- 
(loniinales, inasinueh as most of the maehines of today are of the 
single-pulley drive or ai'ranged for direet-motor drive. This is dis¬ 
cussed further iimler Definitions of ('uttintj Speerl, Feed, etc. 

MILLING-MACHINE ACCESSORIES 

Standard equipment aeeomj)anying various milling maehines varies 
somewhat with the size anrl type. The (''ineiiiiiati plain milling ma- 
ehine, shown in Fig. 3, proA'ides, as standarti equij)ment, arhor sui)j)orts 
— one witli adjustable hushing ami provided with lug for braces anti 
one with ailjustable bushing for jiilot end arbors—an arbor tightening 
rod or draw-in bar, bell guartls wlitui belt drive is usetl, necessary 
wrenches, an 8-gal-ptM-inin geartal cutting-fluid pump, ami a i)hiin 
\’isi‘. For thi‘ universal millers of this same type, a universal thret'- 
jaw chuck and flange, a swivel vise in jihice of a plain vise, tiiiil the 
univeisal dividing lieatl are provitled. The chuck, vise, and diviiling 
lieail arc of sizes proportionate lo (he size of the milling inachine. 

The counleishaft is usually standard e(iuii)ment with th(‘ st(‘p-cone- 
jndley-drive inachine. An extra charge is made, however, if the 
drigle-i)ulley-drive machine is to hv arrangeil for ilirect-motor drive, 
‘and the customer jiays extra for the motcu’ and starter. 

Vises ; J^lain vises. Fig. 3, arc low and rigid. Imiversal or swiveling 
vises are illustrated in Fig. 2. For some classes of work circular tables 
are de.sirable, some of which are hand oi)crated, as shown in Fig 10, or 
they may have jiDwer feed attachments. The circular tables of the 
rotary millers are standard equijnnent with those tyj)es of machines. 

Arbors, adapters, and collets are jiroviflerl to carry the cutters 
used ill milling. The sjnndle of the inachine is arranged to receive 
the shanks of arliors. Fig. 22, of collet and cutter arlajiters, Fig. 23, 
of chuck adapters in wliich the nose is threaded like the sjiindle 
of a lathe to recidve the threarlcd flange of a chuck. The shank of 
the arbor or adajiter is held in the standard machine sjiindle by a 
draw-in bar or bolt extending through the sjiindle. It is jiositively 
drivcai by the two keys screwed to the end of the sjiinrlle, which engage 
the slotted flange of the arbor. The cutter is keyed to the arbor and in 
addition is held in a definite jilace by means of the various sjiacers 
shown in Fig. 22. Additional .sjiarer.s from 0.001 in. thick uji may be 
obtaineil. The two hardened and grouinl sleeves serve as bearings in 
the arbor supjiorts hung on the overarm to jirovide rigidity to the 
arbor and-the cutter. These arbors are furnished in different diameters 
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and lengths to suit the requirements of the different types and sizes of 
milling machines. 



CauriRHy Cim’trirtfift Milling Machin?. Co. 


Fio. 22. Thp Oripiiiil Foi-Rin^ iiml Finislicirl Type* 15 Arlnjr with the S(;lf-Ri!li;a.siiig 
TiipiM* i)f 3'/2 in. per ft. 

Two Ki'iHiiiil Hli!i!veN for arbor Nuri|iort>i and livi* Npan^rH are .shown on the arbor, togt^ther with jiilrti- 
tional s|jai!erH and retaining nut shown bidow. There are ten sizea of taper ranaiiiK by lives from No. 5, 
whiuh IN I'ij liiaiii. at the larfre end liy f'd in. Iuiik, to No. tiO, wliich Ls 4 ';j in. [liain. by in. long. 



Courtesy Cinriririati Millirni Marhivt^ Co. 


Fin. 23. Thi* Stumhutl Cnili-t Ailiiittpr ami Collpt. 

The collet adapters, Style M. have either a No. II Hrown and Sharpe insiile taper or n No. 4 Morse 
ineide taper. The outside taper fits the spindle. The outside tii|>ers of the eollets to fit the adapter 
are No. II Untwn and Sharpe fur Style .1. or No. 4 Morse for Style K. The in.sirle tapers of the eollets 
nri* No. 4, Ti, and 7 Brown and Sharfie for St.vle .1, and No. 1. 2. and Tt Morse for Style K. This pE'rinits 
the use of any .standard taper-shank twist drill, arbor, or iiiilliiig eutter in iiiilling-inachine work. 


T^p tti the time nf tiu* iiiluplitin iif the sfU-icleiising taper nf 3V^ in. 
per ft ( ASA Bo.10) in tlio spiinlh*, Fig. 22, niilling-inachiiic spindles 
were constructed with a Browji and Sharpe self-luilding taper. The 
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styli' E arbor for ihv nlrl-jutylo maebine, having a tliri'adtMl-nosc 
ifi|)inillc, is sliown in Fig. 24. The old style F arbor is shown in Fig. 25. 

In order that wire, small rods, and straight-shank tools may be used 
iiitciThangeahly in milling maehines, the eollet holder for the old-style 
spindle is provided, as shown in Fig. 26, witli a spring eiiuck and cap nut. 


. . ... - . — -- -—. 







Coiirtenff liruirii and Sharpe anu/nrluring Co. 


Kill. 24. Styli* 1C ArluH- with llniwii niiil Slijir))!* Tiipi'r Shank. 

llj|'4- til .sliniililiM* 111 mil fur lusi* iiii ulil-stylt' OrDwii iiinl Sliiii-|ii‘iiiillinK nuii'hine, having 

threadttil-iiiiNi* .s)iiriilli'.ts. 'I'wii iMniriiiK sIi‘1‘v-i.‘m with uru .‘LsMimililnJ im tin* iirhni. 



Cimrtviiy Hrnirn and Sharpv Man uffu'turing Co. 


25. Slyli- I' .Arhur. 

Twulvi*- nr t.'i-iii.-liiiiu Mluiiildi'r lo nut fur iisn iin uhi'.sl.yli‘iiiilling iiiiicliiiii^, luiviiig la|)iT-nnNRH|jinilluN. 
^ 1 111! arliiir \s hflil in tlii' .siuriillc hy a rJniw-iii hull Mini in flri\-eii piisitivnly hy ki'ys. Siwnii mihiritm, une 
and nni* mil. itri' iiMHRinhlnd iiii thi: urhnr. 



FiiJ. 20. Spring Churk ainl Collet Iluhlni- for Ihowii and Sharpu Taper Milling- 

MlicIuiii' SpitnlliNS. 

Fur iis[> in .siiindleis uf I'itliRr tajiRr nr thri>arlpd riuNi! fur linhling win*, hiiiuII rndH, Htraight-ahank drillH. 
and iiiillH, utr. The .spring cullet ia held in plane hy the ea]) nut that furei!H it ngaiiiHt the taper seat 
and elnsen the chuck eiiiicentrii-.ally. The cullet liuliierH almi are made with the new* atandard taper. 


Dividing head: The object of the dividing head, often called the 
spiral or universal inriexing centers, is to rotate a piece of work through 
a certain number of degrees or a certain fractional part of a complete 
cirede for purposes of graduating or machining the part. There are 
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tlrrci* typf.s nf liCMtls: Hit; sinnlo (Jiiil, plfiin, and 

universal. 

Tlir single dial ur plate head, Inr simple, rapiil inilexiii^, rnnsisls of 
a headstiirk iinrl tailslnek similar tu those in Fip;. 2. The sj)inflle of the 
lieadstoek carries an index [date or disk, (he j)erij)hery of which is 
^;;radiiaterl in degrees ur provicled with notchi's so the sj)indle carrying 
the work may he rotated through a certain part of a circle to machine, 
successively, the several faces of the part. Twenty-four divisions (as 
well as 2, 4, 6, 8, and 12j also may be indexerl directly by using the 
jilate (\ Fig. 27, with the* worm out of mesh with the worm wheel. 

The plain ilividing heail is provided with interchangeable index 
|)lates carried on a wi)rm shaft, the worm of which engages a worm 



Lie.. 27. ririiigitiidiniil Mini Transverse Stu'.tion of the Brown anil Sliarpt* Universal 

Diviiliiig lleatl. 

'CIiiH nIkiwh hiiw till* f^piiiilli* .S in ilrivi‘ii tliriiuKli tlii’ rurty-tu-une worin-aiiil-witriii-wliiHrl tlrivii liy tliR 
iiiili‘X iTiiiik /-'. I'lir rapid ifidrj-iua nf lups, ri!aiiii‘r.s. Imviiic u Hiimll iiiiiiiImt >>r tMr;., tlie 

wiiriii .‘1 limy lin ilmwii mil iif iiuvsli with tin* wuriii wIiim*! B in nllnw LIil* Kpiiidlt' tii liiriii.‘il hy liiiiiil. 
Till* lartEi* iiiili'x pliiti* C is ^riidiialiMl iiiid i.s Iiirkod in I'ai'h pnsiliun by thr pin D. Fnr plain indt^Tiny, 
till' iiiili'x iiinti' E is nxed in its pusitiun by u pin un Ihr knurliMl wliiu*! Cr. Thr spindlr is thrii Lurnrd 
liy riitiiliiii: thr rnink F thnniKh ii drtrrininrrl niinibrr nf spnrrs nf ti nivrii rirrlr rfti thr. iiiilrx plain. 
Whrii differential indej-iny is iiMril, thr indi'x platr E is luuilr fn?i* tn rntutr by rriiiiiviiiK thr Inrkpin G 
and fniiiii'rliiiK the sidiidlr «S' uinl thr stud T by a train of |;rurs. 

wheel moimtefl directly on the head sihiidle. Each index plate i.s 
provided with several circles each divided into a difTerent numbi'C 
of spaces by equally siiaced small holes. Tliis type of head also may 
employ a gi'iuluated jdate fixed directly on the spindle for direct or 
rai)id indexing. When tlie plate on the spindle is used, the worm is 
disengaged from the worm wheel. 

The universal dividing head, as illustrated in Fig. 2 and Figs. 27-30, 
incl., also has the single plate (', Fig. 27, on tlie spindle and the inter- 
changeaV)le plates on the worm shaft. The s|)iiidle may l)e swiveled 
from below the horizontal to beyond tlie vertical as read on a scale 
graduated in degrees. The tailstock center may be elevated above or 
lowered below the center of headstock for cutting on a taper, and it 
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niiiy bo swiveled slightly in tlio vertical plane nf the lieadstock center 
for milling drill flutes, tai)ers, reamers, etc. 

The universal dividing head usually consists of a headstock, tail- 
stock, and center r(‘st, together with index plates, necessary change 
gears, and a segment, or adjustable gear plates shown in Fig. 30. The 
universal dividing head may be used for cutting straight-formed 
grooves, such as cutting s]mr gears with a form cutter, Fig. XIV-5, 
in which the gear blank is mounteil on a mandrel supi)orted between 
the centers, or for the purpose of milling helical grooves when the 
table of the universal miller is swiveled to the pro|)er angle. 

There are a numbi'r of dilTeri'nt types of dividing heads as nianu- 
factureil by the vai'ious companies. The Vinco Ojitical Master In¬ 
spection Divitling Head, shown as No. 4 in Fig. X\T11-4I, guarantees 
the checking of angles to an accumulative error of not more than 2 sec 
of arc. This hi*a(l has ordy graduated scales. The main '<cale on the 
spiiulle j)rovides a setting to tlu‘ nearest 20 min of an*. A 40X micro¬ 
scope shows a second scale which divides 1 deg into 10 min of arc. A 
inicromeler thimble has 10 grafluations of 1 min each on its i)erii)h(‘ry, 
and the micrometer barrel divides each minute into 10 erjual si)aces on 
one side and 00 sec on the opposite. 

Till' Brown and Sharpi’ dividing head is shown in longituilinal 
and transverse section in Fig. 27. The transversi' si'ction at thi' left 
diows the worm wheel !i attached directly to the sjnndle N. At the 
right, the worm A driven by the crank F is shown engaged with the 
woi'in wheel 7L 

Indexing: Three kiinls of indexing are |)ossible with the universal 
hearl: plain or simple, compounrl, and differential. 

Plain indexing may employ the single plate (’, Fig. 27, fixeil to the 
spindle, to rotate the spimlle through a desired numbi'r of siiaces of the 
circh' while the woi'iii is disengageil from the worm wheel. The plate 
is graduated into 24 equal ilivisions for direct or rapid indexing. Plain 
nnlexing also may be accom])lished by using a multiple circle index 
j)late as E, Fig. 27, mounted on the worm shaft. Also see Fig. 28. 
The index plate E is fixed in a given position by the pin O’ so that it 
cannot rotate. The radius of the crank F is adjusted so that the 
crankpiii engages the holes of a desired circle in the plate E. By turn¬ 
ing the crank F, moving the crankjiin from one hole in the plate E to 
another, the worm A turns the worm wheel E which, in turn, rotates 
the sihnflle S earrying the woik. 

relation between the motion of the crank and that of the work 
mounted on the spindle, for plain or simple indexing, is found as 
follows: 
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Let R = the ratici nf the worm wheel to the worm, usually 40 to 1. 
T ^ the number of divisions required, such as the teeth in the 
gear to be cut. 

N == the number of lioles in a circle of the index plate. 
n = the number of spaces in a circle to be indexed. 

With R — 40, one complete turn of tlie crank (A^ holes) is required to 
index one tooth of a 40-tooth gear; then R/T 40/40 = 1. Also, 
one-half turn of the crank (AV2 spaces) is required to index one tooth 



Fig. 28 . The Brown iiml Shsirpe niviilinp; TTead Set ITp for DifTerpiitial Indexing. 

Ah thp intlpxinfE crunk in tiiriicil in index tlii* wiirk carrii'il uii Ihc Hiiindh* uf tliL* head, the index plate 
in rutaiptl, briiiK drivi'ii rnini the iniivinR Hpindli* thniURh thi; three Rourn Mhinvn in the foreRroiind. 
The Hrtiip Hhuwn calls fur twn Rears and une idler. 

of an 80-tooth gear; then R/T - 40/80 =- 1/2. Also, one-third turn 
of the crank (AYS spaces) is required to index one tooth of a 120-tooth 
gear; then R/T = 40/120 = 1/3. 

The 1, Vi*. and Va above are the part of a complete turn of tlie crank 
and may be expressed as nAV; then the general formula for plain in¬ 
dexing is R/T -= ?i/A. R usually equals 40, so that R/T = n/N 
becomes 40/ T = n / N . q.e.d. 
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The Briiwn and Sharpe dividing head is equipped with three plates 
having circles with holes or spaces as follows: 

Plate No. 1: 15-15-17-18^19-20. 

Plate No. 2: 21-23-27-29-31-33. 

Plate No. 3: 37-30-11^3-47-49. 


Exawjile 1: riaiii Iiirlexiiig. It is required to set up a dividing head to form the 
teeth of a 4.S-torjth gear and to selert the proper circle to be used and the number of 

R 40 n 

spaces to be indexed. T is 48 and R is 40, and the formula becomes ^ ^ ’ 


. . , , . n 40 5 

Values of n and A are assumed, 'j^ ^48 ~ 6 


Of all the cire/les available, only 
the 18 is divisible liy the dennimnator 6. Therefore, the formula may become 


^ 5 5 3 _n 

4S“6”6^3“l8 


in w'hicli n is found to be 15. Therefore: N = IS and n = 15, and 15 spaces of the 
l.S-hide circle would be indexed t o form each of the 48 teeth of the gear. The radial 
fingers of the sector over the index plate, shown in Fig. 28, are adjusted to include the 
15 spaces to permit a quick and ai'.curate indexing for each cut,. The sectiu' is indiv 
j)endeiit of the crank and plate, but rotates with the plate as the crank is turned. 

Hy compound indexing is meant the using of two different circles of 
one index plate in order to obtain a crank iiioveinent not obtainable 
* liy plain indexing. The crankpin is engaged in circle iV, and the 
lockjtin is engaged in circle N.^ of the index plate. Indexing is ob¬ 
tained by moving the crank n, spaces in the circle of iV, holes and 
then withdrawing the lockpin and moving the plate and crank together, 
forward or backward, through n.^ spaces in the circle, so that 

^ i ^. This method is little used today, as it has been rc- 
placed by differential indexing. 

Differential indexing is used wdicn the problem cannot be worked 
>')y plain indexing. In differential indexing, the lockpin (/, Fig. 27, 
is not engaged with the index plate which is screw’ed to a sleeve about 
the crank .spindle. This sleeve carrying the plate may be rotated by a 
gear train from the stud 7. The stud I and spindle *S, Fig. 27, are con¬ 
nected by a train of gears, as illustrated in Fig. 28, in which M is the 
driving gear on the spindle and N is the driven gear on the stud. As 
the crank is turned, the spindle is rotated by the w’orm W. The spindle 
*S, in turn, carries the driver gear M, Fig. 28, which drives the driven 
gear .V through an idler gear. The lower shaft turns the sleeve carry¬ 
ing the index plate through a train of helical and spur gears of unit 
ratio. If-the crank is to be moved from hole number 0 to 18 (18 spaces) 
by differential indexing, hole 18 wrill be moved a short distance forward 
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fir barkwarrl liy the train of ^eiirs M/N, Fig. 28, whose value is x as 
the rrank is tiirnerl, so that the crank actually will he inovetl something 
more or less tlian 18 spaces. This is doing nothing more in principle 
than rnorlifying the value of the worm and worm-wheel ratio by a small 
amount x. The formula for ])lain indexing 

R _ n 
T ~N 

may be modified then to 

R zt X n 
~f~ " N 

which is the gcmcral foriiiuhi for ilifferential indexing, in which x is the 
value of the train of gears required to driv(‘ the intlex plate from 
the spindle. The gears in tlie numerator .are tin* dri\'ers, and those in 
the denominator an‘ tlie driven. The idler gear or gears change only 
the direction of rotation of the inrlex plate and do not affect the value 
of the gear train. The center distance between the sfiindle and stud. 
Fig. 28, is fixed. The idlers may serve to reverse direction of rotation 
or to fill in between the drivta- and tlriven gears. 

Rules for deteniiining the number of idlers to be u.s(‘d with the train 
of gears are as follows: 

1. If j is plus, the pliite .shouhl rotale in a direrlinn oiipnsitR to the rrank. If 
2 gears are riMiuirefl in the train (.simple KeiirinK). dien 2 idlers are ni'ressary. 

2. If X is ne^alivf^, the iilale rotates in I In* same direction as the rrank. If 2 
gears are refiuirerl, then 1 idh'r is ni're.s.saiT. This .selup is shown in Fig. 28. 

3. If X is phi.s and 4 gtiars ari’ reiiiiireii (l•onl])OllnlI gearing), only 1 idler is nere.s- 
sary. See idler geai' Z in Jdg. 30. 

4. If X is negative and 4 gears are required, no idler (or 2) is nei*essary. See 
Fig. 29. 


The Brown and Sliarpe dividing heads for differential indexing are 
equipped with a set of 12 gears from which the I rain x is made, having 
24, 24, 28, 32, 40, 44, 48, ofi, G4, 72, 86, and 100 teeth, respectively. 


Examph 2: Differential indexing, simple gearing. Find N, n, the train of gears 
iiercssary and the number of idlei\s required to index 06 divisions. The general 

r . . . , . . E X 71 40 ± I n 

formula for differential indexing is Then- = - when R = 40 

7 jV 96 N 

and T = 96. 

Determine n/N which will plain-index some even number near 96, and then solve 

40 

for a train of gears x tii rotate the plate to index 96 accurately, as follows: — equals 


. 40 2 71 

approx.mak*ly—= g=- 


■96 

Five is divisible into circles having 15 and 20 holes. 
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2!). Thr Rrovvn Shiirpr 

Diviiliiig Sri for Diffrrrn- 

tiiil Iiiilrxinf!;. 

Ill this, riiiir un‘ usimI (n drive the iiiiinx 

plate, from the spindle, txvii id Ihe fiiiir Kearu 
heinu keyeil tu the iiitenniMliate shaft and 
serviiiK us an idler. 'Phe setup. huweviT, culls 
fnr four frears mill iim idler. 


Fits. 30. Tlir Brown iiiul Sliarpn 
Dividing lli'iiil Srt Up for DifFri'rii- 
UmI Inilrxiiig. 

Friiir KPurs and line iiller, i, are reiiiiirccl in 
the train id Bears fnr T — 201, 

M 0 24 24 

P N 72 ^ 40 


. . 40 ri 2 8 _ 

Srlrct 20; thru Then 8 sparer of a 20-hi)lD circle will plain- 

index 1 100 of a circle or 1 tooth of 100 to be formed. 

Now determine from the general formula the value of x required to modify 
the plain indexing for lOO divifiioiis to differeiitial indexing for [)6 divisions. Then 
40 dz J _ ^ _ 06 X K 40 X 20 768 - KOO 32 

06 ” 20' “ 20 ^ “ 20 ^ ~ ^' 
of X = — (32 20) iiiiiHt 1 m* imulified to agree wilh the numlier of teeth in the 


The fractional value 


32 2 64 64 

change gears available, a.s llieri* is no 20-toolh gear. — x - = — * > —x = — 

20 2 40 40 

which is satisfarlory. Tlie 64-tootli gear i.s tbr driver on Ibe spindle corresponding 

M 64 

to A/, Fig. 28, and tin* 40-loolh gear is the driven, as N. Then — = — ■ 

N 40 

The crank woultl be rolatefl through 8 spaces of a 20-hi)le eircle to index 1 /lOO of a 
com|)lelp circle liy plain indexing when R =40. If l/!)6 of a circle is to be indexed, 
the crank would have to rotate a little farther than 8 spaces because l/!)6 of a circle 
is a greater distance than 1,100. It is seen, tlierefore, that the train of gears would 
have to rotate the index plate in the same direction as tin* crank is turned. 

A.S I is minus and 2 gears are used, the plate will rotate with the crank. From rule 
1 , one idler w'ill he necessary on the reversing gear plale, as show'll in Fig. 28. Some¬ 
times the value of i cannot hi* satisfied by tw o gears as 64 /40 above. Then four gears 
iiuisl he used, as .show n in Figs. 2tl and 30. If the fraction for x cannot he satisfied by 
2 or 4 gears, assume another value for n/N and solve again for i. 
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A chart, which recommends the indexing plate and circle and the 
drivers, driven, and idler gears to be used, accompanies every dividing 
head. 

Helices (often called spirals) also may be cut by the use of the 
dividing head, Fig. 2. Helices that are most commonly cut on milling 



Fia. 31. An End View of the Dividing Head and the Table of the Milling Machine, 
Set Up for Left-Hand Helical Milling, Showing the Four Gears and One Idler 
Used in Traiisiniiling Power from the Gear on the Tal>le-Feed Screw to that on the 
Worm of the Dividing Head. 

machines embrace helical gears, helical mills, counterbores, and 
twist ilrills. ^^’orms alsti may he cut with some dividing heads, while 
other lieads require the aid of a vertical spindle, etc. In cutting helices, 
the dividiiig-liead spindle is rotated uniformly while the table advances 
the work into the cutter. The spindle B of the dividing head. Fig. 27, 
is driven by the worm A connected by unit-ratio gears to the worm 
shaft /. The worm shaft / is connected by a train of change gears 
(the same set of gears as used in differential indexing) to the table 
longitudinal-feed lead screw, as illustrated in Fig. 31, which slmws four 
gears in the train and one idler. The four gears are known as the gear 
on screw, first gear on stud (as it is the first to be put on), second gear 
on stud, and gear on worm. The gear on screw and the first gear on 
stud are the drivers, and the others are the driven gears. 
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The feed screw of the table has, say, 4 threads tn the inch; also 40 
turns uf the worm make 1 turn of the dividing-head spindle. There¬ 
fore, if change gears of unit ratio are used, the work will make a com- 
j)lete turn while it is moved by the lead screw^ longitudinally 10 in. 
That is, the helix will have a lead of 10 in. and it is so designated, 
rather than as having a pitch of turn per in. This constitutes the 
lead of the machine, and by using different combinations of change 
gears the ratio of the longitudinal movement of the table to the rotary 
movement of the work can be varied. 

When the change gears have unit ratio, a helix having tlie lead of the 
machine (10 in.) is produced. If one driven gear is double the 
diameter of the other three gears, a helix with a lead of 20 in. or twice 
the lead of the macliine is produced; if both driven gears are twice the 
diameter of the tlrivers, a helix having a lead of 40 in. or lour times 
the macliine lead is produced. Conversely, if the driven gears are one- 
half the diameter of the driving gears, a helix with a lead of in. or 
one-quarter uf the machine lead is produced. Expressing the ratios as 
fractions, 

Dr i ven gears _ Lead of required helix 
Driving gears I^ead of machine 

This may be written as 

Product of the driven gears _ Lead of required helix 
Product of the driAung gears 10 


Examj}!?. 3: If si liplix lisiviiig n 12-iii. Icsul i.s In lie rul, I,he irsiiii iif goiirs 

. , j ^ „ ... , JVf)flui-l i)f the driven givirs 

may be eniiiputed jis follnws, ii.sing I he frirmulti —— -^ — = 

PriMlurt i)f (he driving gpsirs 

Leiid of required helix 12 

-- — ■ Then 12/10 represen I s the value uf tin; ( rsiin nf gears 


t o he used, which corresponds with x in the simple- and differential-inde.xing formula.s. 
Heducing the fraction 12/10 to two fractions so that the resulting numeratrirs and 
^ ilenominators will correspond vrith the number of teeth of four change gears, then 


12 _ 3 4 _ ^ 32 

10 “ 2 ^ 5 “ 48 ^ 40 


The 72- and 32-tooth gears represent the driven gears, and the 48- and 40-tooth gears 
represent the drivers, i.e., the 72 is the worm gear, 40 is the first gear on stud, 32 is the 
second gear on stud, and 48 is the screw' gear. 


The Method of Milling 

There are five general methods of milling operations based on the 
nature and location of the fixtures used. 

Simple milling involves the machining of a single piece of work held 
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in ii fixture, mh illu.stnitefl in Fi^. 32, and by jidi-.sliup rlanips, as slunvn 
in F\ir. 37. Tlii.s upcTatinn r-an be perfurnuMl on any type uf milling 
iiiaeliine. Inasnuieh as the inarbine is idli^ during the Inarlin^ npera- 
tiuii, tliis nietluid dues nut yield the inaxinuiin uutpiit [ler luaehine 
exeejit wliere the euttiiiK time is exceedingly lar»;e in lehitiun tu the 
loading time, as is the ease in many hand-milling uperatiuns. Simple 
holding devices or fixtures are employed. 



Cowteiiy Ciru'innati Milling Alachine Co. 

32. Form Milling a Oast-lrtni Shrii* of a C^lolhi\s-prf‘ssiiig Marhirie on a 
Ciiimnnati No. 5 4S Plain Myilroinatir Miller wilh n Plain I'^ixture. 

A 4(l-iii.-riiLliu> I'liiiriivp rnnn-iiiillinK i'Utt.i‘r l.'i iii. Iuii| 2 , iif liiiili is usiul, wliirli lius ii rniituct 

.*Jiirfart* »f nbiiut 15*2 in. Kniiii Vm tu -^ir. in. uf stm-k is n-inovi'il fruiii thn iiilmm* -iri in. luiif; with 
a fin!il Ilf 30 in. |Ji!r min ut 50 niin uf thr nitti'.r. PruiliinlLun i.s 20 Iiim* hr. 

String or line milling is a logical rlevi'lopment of sinifile milling. 
Instead of having but one piece in a fixture on the macliine table, two 
or mure are placed in line in multiiile fixtures. The fixtures are 
luaded while the machine is idle. T!ie uperatur may load one or two 
jiieces and then start the cut, finishing his loading while the cut is 
progressing. He may have time to remove the first jiieces milled be¬ 
fore the last ones are finished. Full automatic table control is avail¬ 
able on a number of the fixed-bed automatic milling machines. This 
autoniaticity simplifies and expedites the ojicration and relieves the 
operator of considerable effort. The usual cycle consists of the rapid 
traverse of the table to the cutter after the fixture is loaded, the en¬ 
gagement of the cutting feed, rapid traverse between pieces if the non¬ 
cutting space is large, and the rapid return of the table to the starting 
point after the cut is finished. 
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Reciprocating milling is a very efficient and productive method on 
some operations, such as face milling or slotting, as illustrated in Fig. 
33. Two fixtures are emjiloyed, mounted on each end of the machine 
table and on opposite sides of the cutter. The operator loads one fix- 



Courtei<}/ Brnwn and Sharpe Manufarturing Cn. 


FifJ. 33. licriprorating Milling Fixture wiLii a Special Two-Spin ill i; Head Mountcnl 
on a No. 21 Brown and Sharpe Auloniatii! Milling Maidiini*. 

I’hu iiiM'iiiiiK fur thy uil riiiR in On- i-iiiJ bracket uf n i;af»i-iron mntiir lUtKt: is bisiiijn iiiilleri. As thcHc 
irnrl,- urL‘ iimrlf in unvnral thp fixhiriv* und flitters are ilppinniul mii that, without any aiijuatiiient 

Ilf till? iiiaidiiiip, any part ran be milled. A 3!i-in.-diam. ami |!^g-iii.-widi* MtaiEKereil-imith liiKh speed 
.stri'l iiiillin|<t entter uperating at 1011 rpiii milLs the parts Iriaded in the fixture un that end of the table. 
It lia.s a lenKth nf rut of a Hi in-, niid llie eiitlinK lime is 34 see. prniliiniiiB 40 pieces per hr. Parte 
liiaileil in the fixture uii the other end uf the table are iiiilled l.>y a 4 )' 2 -in.-diairi. l■.uttp.^ rutaiiiiK at 
1(11 rpiii. Tin; IpnKtli uf cut is in. with a ruttiiiK time of 37 him; per piece. The production of 
Ifi pipces per lir per fixture is baaed on the aeaiimptioii that parts are delivered to the iiianhine in 
>’iuantities and sizes supIi that the operator can operate both fixtures, reloailinK one while the other 
is wurkinu. The maihine also may be operated by using only one fixture and cutter, in which case 
41i pieces per hr are pruducpfl. This production may be increased to ap]iroxiiiiately 00 pieces per hr 
by ill! erniiitiiig part of the aiituimitii; cycle and speeding up by hand. 


turc and starls the imicliinc-tablc cycle. While the work in this fix¬ 
ture is being machined, the fixture on the other end of the table is 
ridoadeil. The most favorable results arc obtained when the milling 
and loading times are jiroperly balaiicefl. The machine should be 
(‘f|uipi)ed with a fully automatic table cycle for successful operation, 
anil sjiccial precautions must be taken to maintain safe working condi¬ 
tions. 
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Index-base milling involves work-holding devices or fixtures which 
are mounted on an index base carried on the machine table, Fig. 34. 
The operator, standing at one end of the table, reloads the fixture away 
from the cutter while the milling is taking place on pieces held in the 



Fin. 34. An Inilnxinii; Fixture with Work Arranged in Two Groups Abreast for 
String Milling on a CineiiiiiaLi 5-48 Plain Hydromatin Milling Maehine. 

Mild hUm; 1 miuiiU;rwi;ifchtH are beinR furni luilliMl from Mulid re!rtan|y;ular MhapEfii. Two HBts of two 
ttltcriiaiiniK-tduth MloltiniE nittera and two Hpcciol form radiiiR i;uttcrH of high npRed stuid are operating 
at 40 rpni and an averoKe feed of 2.5 in. per inin. Production ia 162 pieceH per hr, or 0.3.T min earh. 
Extreme rigidity ie reijuired for such a wide cut. The operator is reloading the forward end nf the fix¬ 
ture while the pieces in the rear portion arc being milled. The fixture ia then indexed 180 deg and the 
Butoiiialic eyiile reproduciMl. 

ntluT fixtun*. Tliis simplifies the handling of work in and out of the 
madiine. The operator is always a safe distance from the cutter. 
On a 180-deg index base, which is the one most commonly employed 
in milling, only two work-holding fixtures arc required. Index fix¬ 
tures can be made to index automatically, although the hand index 
fixture is most common for the reason that it is simpler in design and 
automatically provides a safety stop for the operator in case his load¬ 
ing is not finished. 

Rotary milling, which may be applied either horizontally, as illus- 
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tratcd in Fig. 13, nr vertically, Fig. 15, gives a high rate of pr(3ductinn 
with the simplest possible cycle for the operator. The cost of fixtures 
involved in rotary milling is, as a rule, large as compared to recipro¬ 
cating or index-base milling. 

Milling Fixtures 

111 inoductioii milling the equipment should be operated up to its 
maximum efficiency as near 100 per cent of the time as is possible. The 
loading and unloading of the fixtures, therefore, shouhl be performed in 
less time (han that required for the actual cutting. Simple and rapid 
chucking and clamping are, therefore, iiujiortant in fixture design. 
Various tyiies of claiiqung devices, such as simple nuts, handle nuts, 
cam clamps, wheel-, air-, or oil-oiieraterl clamps, are to be nseil where 
best adapted. The location id’ clamping devices is important. 
Vlanflles, clanqis, bolts, jiilot wheels, etc., slmuld be within convenient 
reach of the opei'ator from his normal working position, and they should 
he as far removed as jiossible from (he cutters. Wherever jiracticable, 
clamping levers should operate to clamp more than one piece, thus 
reducing the number of movements necessary on the part of the oiiera- 
tor. A comiiensating mechanism must be emjiloyed in such clamps to 
jirovide for variations in the size and shape of the work. It is fre¬ 
quently desirable to jiroviile means for mechanically ejecting the work 
from the fixtures in order to save the operator’s time. Ejecting inecha- 
nisins may be made to ojierale when the clamps are releaserl. 

The fixture shouhl su])])ort the piece adequately. It should be 
heavy enough to absorb the strains to wliich it is subjected. It should 
be so constructed that the cutting takes place as close to the table 
and as near the .siiindle end of the machine nr as near an arbor support 
as possible. Cutters acting high above the table have a tipping and 
lilting tendency which jiroduces chatter, (diatter or lack of rigidity 
's extremely detrimental to high feeds and consequently high produc¬ 
tion. The aim should be always to hold the j)iece securely enough to 
operate at the maximum feed which the cutter and machine will stand. 
The shape of tlie piece will determine the type and location of the sup¬ 
ports. The work should be located and su])purted as near the point 
of cutting as possible anti place the clamp directly over the point 
of support to avoid distortion. Clamps, even though acting against 
the side of a piece of work, should tend to pull the work down on the 
5^upj)iirt. (Cutting pressures should act against solid stops or supports 
and not against clamps. 
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imal, Fig. 35, or they may cnn^iist nf a body in which the teeth of the 
cutting material are inserted. Fig. 13. 

D. Hand rotation of milling cutters. 

The hand of rotation of any cudi'r may be ilc*1iMminrd by lunking at the cutler 
cnfl [)f spindln. If Xhe riitlnr i ntales roiiiiliM clnckwist*, it is riglil Jiaiiil; if it l olales 
l■lol■k\visE^ it is left hand. 

E. Definitions of various types of milling eiittt'rs. (Dimensions also 
are given in the standanl.) 

1. Plain milling cutter (slabbing mill): Cnllnr i)f plain l■ylilld^i(■al form having 
tcclli uii till’ circumfiacnlial surbicc only. Teeth are usiially helical fur widllis 
abuvi' ‘^1 in. See I'ig. 35. A righl-hand licdix twists away, clufkwise, frum the 
ubserveil enil. 



Courtesy Brown and iS’/iar;»e. M anuf 04 -turrni/ Co. 


Fig. 37. A Pair of IIalf-Sid<; and Melir.ai Milling Cutters Set Up fur Milling the Two 
Edges and Fare of a Cast-Iron Surfaia^ Plate. 

ClampinK fixtures consist of a variety of mis cel I an nous parts cuiiiiiionly iihimI in juh-sliop work. 

2. Side milling cutter (straddle mill): Cutler uf cylindiical fuitii having Iradh 
on the eireiimferential surfai'.e and also on both sides. The side teeth extend a 
poition of the distanee from tlie eireiiiiiferi*nee lowaiii the axis. See Figs. 36 and 
43. 

3. Half-side milling cutter: Cutter «f rylindrical form having teeth on the 
circiimfRrential sui'face and teeth on one side only. The siiJe Leid.h extend a 
portion of the distanre from l■ir^lmlferen[■e toward Ihi' axis. These cutters are 
heriuently used in pairs for milling both ends of the work to a given dimension. 
See the end cutters of the gang shown in Fig. 37. 

4. Interlocking side milling cutter: Similar in design to a side milling cutter 
except that it is made in a unit of two interlocking sretion.s for the purpose of 
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milling slots to pxaut widili. MaintainrMl at ronslanL width by use of thin shims 
or rnlliirs her ween inner hubs. See I 'ig. 36. 

5. Staggered-tooth milling cutter (alternale-tootli luUer); Cutter ol rylin- 
drieal form having vMliintj tt'elli on llie l•irl■UlIlfereTllial siirfaee only, the tenth 
eiitling alternately on one siile and thi*n on the oilier, Tig. 40. 

6. Metal-slit ting saw: Plain milling eulti’r with sidi's relieved or " dished ” to 
afford side relief, gentaally madi* in thieknivss of =^(; in. or less, and generally 
having more teeth for a givrm <liameter than a idaiii milling l■utlel‘. Used for 
nil ling off work, or milling vctv narrow .slots. See Pig. lX-11. 

6. (r/) Metal-slitting saw wilh side leelh; Similar to siile milling mtter but 
Yifl in. or less in Lhiekness. 

ib) Metal-slitting saw wilh slaggered leelh; Similar to slaggered-tooth mill¬ 
ing l■uller bul generally -ys-yui in. Ihirk, iiseil for heavy sawing in steel. 

(r) Screw-slotting cutter: A thin l uller nuiile of sheet .stork having eoinpara- 
tively fine t.eelli on its eireumferential surface, anil not ground on the sides. Used 
only for shallow cuts. 



Courtesy Harber-Cohnan Co. 


Fin. 38. A Harber-Cvolman Ibdiiail lOiiil Mill Set Up in a Kearney and Trenker 
Milling Machine for Profiling a (>nst-lron Master Cam. 

Thi8 18 n tniilriiijiii job. Tin* iiiitliiin iif tin; nam is ai'ciiruti^ly .^rrihprl uii tin* blatik, the; bliink thi;n 
iiiiiiiiiii'iJ nil an arbur NiipinirtiMl in thf .'<|itii[llR nf tin; iliviiliiiK IumiI ivIiIl'Ii ih .SL't at riKlit tn tin: 

table. The feeil rif the table in syiifliriHiizrfl with tin; riitatiiin of Mu* wurk to fallow the Kuiile liiie-s. 
Kiid inillN an; inaili* with riKhl or li'ft lielieal teeth on the jieriiiliery anil raiJial teeth iiii tlie end. The 
radial teeth are NliKlitly iinilereiil aiirl ilii not e.vteiid to tlie neiitiT of the iMitier 8 d that an Ciiil mill 
cannot he fed leniEthwisi' into nolid stork. A pilot hole iiiiisl he jiroviiled. I'hid niillM are useil |irin- 
ripally when nittinK nii the periphery. The end mill may have a .straight shank to he held in a collet 
or he provided with a taper sliaiik and taiiK. 

7. Single angle milling cutter: CiilttM- having ti'clfi on llir conical surface and 
wdtfi or without torth on one nr bolli of lliu flat sides. Tlin wrhtflrd aiiglo brlwi'cn 
llip conical farr and larger llaL f.acu dosignaLos tlio cuU-L'r, as for cxampli' 45 dog or 
60 dpg. St’L' Fig. 41. 

8. End mill: Cutter with topth on cirpiunfprpnlial .surface and one end, having 
integral shank (eillier straight or taper) for driving. Tlie leelh may be parallel to 
axis of rolation or helical and eitlipr right or left hand. The hand of rohition is 
determined by viewing end teeth; if rounterclockwise, right hand; if clockwise, left 
hand. End mill w'ith moderate helix angle is cDiiiinonly referred to as a spiral end 
mill. See Fig. 38. 

8. (a) Two-lip end mill (slotting mill): A shank cutter with two cutting teeth 
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on riiTUinferonl iiil Niirffinr, nnri t'nil ipptli ni< to ipnter. Flutps arp cither straiiicht 
or helical. Cutter can he sunk [iirpctly into material to bp millefl and then fed 
longiLudinally. 

9. Shell end mill; A cutler liavinjui: teeth on fiiruiiiferential surfaep and on one 
end. The tooth end is lei-osseil to lei eive nut or screwhead for holding cutter on a 
stub arbor. Geneuilly driven from kpy- 

slnt across back face. Teeth may be 
parallel to axis of rotatif)!!, or helical, 
and either riglil or left hand. See Fig. 

39. 

10. T-slot cutter: A shank (may be 
either straight or taper) culler ilesigned 
for milling T slots having leelh on cir- 
lumferenlial suiface and bolli sides. See 
Fig. 40. 

11. Woodruff key seat cutter; (rr) 

Shank ty])e (may lie eilher slraighl or 
taper) raittt'i' having tf’ctli gfairaally on 
|■irtalIllferential surface only with sides 
slighlly coiicavi'd for I'leai'ance. 

(/j) Hole ly])e — the slyle gi'iierally 
usf'd in sizi's lacgc'i- than ? in. iliam. 

These cutlers are also madi* with st:»g- 
gered teeth. Loth typi'S aie iiseil for lhi‘ 
sperific piir])osf' of niilling semicylin- 
drical keyways in shafts for Wooilniff 
, lu'ys. 

12. Hollow mill: A ciiltri’ of tubular const ruction liaving teeth on one end ami 
inlei'iial I'eliid. The intecnal relief is sonii-times oblaini'd by a. plain tajieced bide 
liaving Viac-k tapi'c, ami sometimes liy iiitrenal r-lr'acral fliili's. Generally used for 
sizing cylindrical stock or machining straight I'lids of work. 



Fks. 30. A Shell Ihiil Mill of TTigh 
Speed Steed fr)r Nejivy Woik, Showing 
Ihe Cutting Art ion of a Typical Setu]i. 

Till* i-uttiM' i.s |ir‘lit i>n thi'. taiil iif tlip jirborby 
a Horrw, but is liriven pasilively by the larne 
key. 



Courtesy Alorse Twist Drill and Machine Co. 

Fig. 40. A T-Slnt Cutter with Alternate Teeth and Brown and Sharpe Taper Shank 

and Taiig. 

Till* taper ahaiik in fittiMi into a nleeve whiuh, in turn, Jit.s into an arlajitur held in the Hpiiidlc. 

A T.sliit in beiiiE ent in cant irun. A slot is fimt niillud with n two-lip mill, after which the iindereut ia 
dune with a T-.slijt cutter. Cutting speedK of ItH) to 12(J .surface Ipin are racoiunienrled in east iron 
with a feed of 0.0ir» 0.030 i|ir nf the H-ataKKured-tooth eiiUer. These speedB and feeds are dependent 
’•poll the size uf the nutter, being riKlueed for small euttera and iiiereased for large cutters. 

13. Gear cutter; Formed culler for culling ime space at a time in gears, Fig. 
XIV-6. 
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13. (a) Multiple gear cutter: A singlii unit formed cutter or two or more 
formed cutters made to mill two or more sjiaces at one pass in a gear. 

ib) Gear roughing cutter (slocking ciittei): rormed culler for roughing oul 
gears. Freipiently the te(;Lh are irregularly nicked to break up the chip. May be 
single or multiple type or may lie userl in combination with a finishing cult(;r. 

14. Sprocket cutter: Formed cutter for milling one space at a time in 
sprockets. 

14. (a) Multiple sprocket cutter: A single unit formeil cutler or two or more 
formed cutlers made to mill two or mori' spaces at one pass in a sprocket. 

(b) Straddle sprocket cutter: A fornuul cutter for finishing one tooth at a 
time on roller chain sprockets. 

15. Convex cutter: Formeil cutter to mill a concave surface of circular contour 
equal to a half circle or less. Size is designated by si)ecifving diamcLer of circular 
form. See Fig. 41. 



Convex 


Cuiicuve 



Tap Reamer Reamer ('iirnBr SiuKlu 

lliitiiiig I'liitine riutiiiK Ruuiiiliufc Anglct 


Fn;. 41. \ Number of Types of Porin f'^utters. 


All irutteix urn Nliurpniii'd liy KrindiiiK unly cm thn faiu', exenpt the anKulur rutter which i.s a prufile 
cutter unii Kruiiriii uii liiitli tlin fucp uiiil laud. lOmdi of thp abnvn cutter's is made in various Hizi»i. 


16. Concave cutter: Formed culler shaped to mill a convex surface of i*ircular 
contour equal to a half circle or less. Size is designated by specifying dirnnidcr of 
cirevdar form. See Fig. 41. 

17. Corner-rounding cutter: Formed cutter for milling a circular corner on 
work up to one-quarler of a circle. May be made single or double. See Fig. 41. 

18. Spline cutter: These cutters may be of the Kingle or the- duplex type. 

The single type is a formed cutter for milling a single flute at a lime in spline 

shafts. 

The duplex type is a formed cutter used in jiairs for iiiilliiig two flutes at one 
pass in spline sltafls. 

10. tri) Thread milling cutter: A single cutter us(m] for milling one thread at a 
lime, generally worm or Aeiiie thread type. Tluvsc^ cullers are cusloiiiarily made 
20 deg included angli’ and may be either profile or formed type. In the profile 
type, there are two common styles, the first of which has every tooth full and 
complete; the second, known as the iiilerriqUed type, has every other tooth cut 
away on alternate sides to afford chip clearance with the exception of one tooth 
whieh is left full and eomplete for gaging. See Fig. 16. 

(b) Multiple-thread milling cutter: Generally called threading hob, although 
/irn'ini; nti it tid. A shank or hole-t^qje formed cutter for milling threads. The 
length of cutting fai-e is at lea.st one pilch longer than the length of thread to be 
milled. Both iuleriial and external threads may be milled, also parallel or tajjered 
work. See Fig. 17. 

20. Hob: Formed milling cutter, the teeth of which lie in a helical path about 
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the cirr'iunfpionliiil surfiiie i)f tho i-iillnr. (liiurrally used for spur and lirliral 
gpiirs, worm whrnls, sprc3rkf?t Lepth, ralflints, spline slialUs, pti;., Fig. XIV-18. 

21. Inserted-tooth cutter; CiilK'r in wliinli Ifi-ih am insnrlnrl and serurnd by 
various ninlhods in a liody ul' Inss nxpi'iisivi' iiiatnriiil, llin nbjiM'l bring ni-onoiny in 
fiisl fost and also in mainLnnani-n brrausn of npporlunity for tnnili rnplafniuDnL, 
ser‘ Fig. 13. 

21. (fz) Inserted-tooth facing cutter: A fiiltnr adai^liMl to be ailar-hed direetly 
to siiiiidle end, or stub arboij and having insnrtnd tni'lli cuMiug on rimuinfnmntial 
suri'acn and one end, similar to side mill. See Fig. 13. 

22. Helical mill: Hidiral mills am of the iirofile type. Tliny may be eitlinr 
hole or shank style. Although most slab mills and shank nnil mills have their 
pni ipheral teeth at a slight heli.x angle, the name “ hnliral mill ’ is used lo designate 
a high (15 deg or greater) helix angle of tooth, Fig. 53. Useil for slab milling. Fig. 
48, or for pi ofiliiig, sui‘h as ram milling anil for elongating slots. Shank tyjie. with 
]iilnt end, is used for elongating slots. See Fig. 37 in wliiih right- and left-hand 
hidii-al mills are used to eliminate end thrust. 

23. Intermittent-tooth-type cutter: Formed cutter having a toot.h contour of 
fine points such as a thread milling cutter or liaik-saw milling cutter in whiidi 
succeeding lands around the culler carry alternately only half the nei'essary cutting 
points so staggered as to complete the full reiiuired pitch on the finished work. 
These cutters may be of the shank or arboi’ type. 



Fig. 42. Nomenidature of Solid Plain-Milling Cutter Teeth (ICnd View), Showing 
Angles and Parts of Teeth (ASA H5cl, 1947). 


Nomenclature of Milling-Cutter Teeth 

The geometric form of a plain milling-cutter tooth, as viewed from 
the end, is shown in Fig. 42. The names of various jiarts are indicated 
as the cutting edge, tooth face, land, and back of the tooth. The prin¬ 
cipal dimensions are the tooth thickness at the base and depth. 

The back of the tooth may be formed by a smooth curve extending 
from the land to the tooth base circle, or it may be made up of one 
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nr two straight lines or a straight line and curve. The tooth face 
may be radial or at an angle called rake. The rake permits free 
cutting, resulting in a better finish on the work, and less power con¬ 
sumed. The space between the back of one tooth and the face of the 
next constitutes the chip space. Tliis space sliould be large enough 
to permit resharpenings of the tool and of such a size and shape as to 
permit the chip to coil freely without clogging. 


2not Periphvntl 
Cleoiroincyj 


-ISf Poripherat Fcfce 

C/earaince Angte \ / Ctsorrarncs 
^ An^/e 


Faz^ Relief 
Angte 

L a not 



- Rototiml 
Rakv. 
Angle 
(Pos,fffve) 


Face-Cut 

Fotge Angle ' 

( Posifive) 


Width or 

Length oF 
Tooth 


FiiJ. 43. Nniucncliiiiirc uf Sidn-MilliiiK Cutler Teeth. 


The cutting edge nr lip of the profile cutter is formed by grinding 
the face or land. The relief angle is the angle between the land and 
the tangent at the lip. The lip angle is fixed by the >'alues of rake 
and relief angles. 

The nomenclature of the teeth for side-cutting mills and face mills 
is shown in Figs. 43 and 44. 

Number of Teeth in a Cutter 

The influence of the number of teeth in a cutter is only indirect. It 
atTocts power efficiency only as the thickness of the chip is changed. A 
thick chip is removed more efficiently than a thin one. Also a tooth 
will remove more metal per grind by taking thick chips. Milling cut¬ 
ters vary so much in size, shape, and purjiose that no general rule can 
be made. With fewer teeth, the chip s])acc can be made larger so that 
heavy-duty or roughing cutters are of the coarse-tooth type. 

There is no recognized standard practice among cutter manufacturers 
regarding the number of teeth in a cutter of a given diameter. The 
National Twist Drill and Tool Co. has for years used the following 
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formula for the number of teeth in all ordinary cutters such as plain 
and side milling cutters and end mills, for general purposes as well as 
for the majority of production cutters: n = 19.57?^^^ — 5.8, in wdiich 
n is the number of teeth and R the radius in inches of cutter. For a 
4-in.-diam. cutter, n = 19.5 X 2^ — 5.8 = 21.8, or 22 teeth. 



Fin. 44. Nomennlature nf Fiii:i.» MilliiiR Cutter with Inserted liliidcs, Showing All 
Angles of the Hla.cies and the Relation of the Blades to the* Work Being Fane Milled. 

The blades are tipped with a cast-irun jjcradc- of sintered carbide fur rnilliriK cast iren as Hhiiwii in 
Fig. 5. 

When taking a deep cut or a long chip with heavy feed, or when 
facing a large surface, the chip space of the usual cutter may prove 
inadequate. Also, a considerable number of teeth will be in contact 
with the work at the same time. If rigidity or available power will not 
allow each tooth to take the proper thickness nf chip at a satisfactory 
cutting speed, either the thickness of chip or feed must be decreased or 
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the; number nf chips per minute lessened. The latter is desirable, 
inasmuch as thick chips are remuved more efficiently from a power 
standpoint and a greater volume of metal is removed per tool grind. 
For this purpose a cutter having a number of teeth determined from 
the following formula has been found satisfactory for all cutters 3 in. 
diara. or larger: n 2D + 8, in which D is the diameter in inches of 
the cutter. If D is 4 in., then n=^2x4-l-8=iri teeth. Cutters 
with inserted carbide teeth often have fewer teeth, such as D or JD + 2. 
For face milling cast-iron and nt)nferrous metals on high-powered mills, 
the number of teeth may eriiial 2D. In face milling the ratio nf cutter 
diameter to widtli of cut shouhl be about 4.5 to 3, and the cutter should 
be offset so as to start a chij) of nearly maximum thickness. 

Materials of Which Cutters Are Made 

Small milling cutters are made in one piece of carbon tool steel, 
high spcefl steel, or Stellite. Sniall-tot)l manufacturers can furnish 
cutters in either carbon or high sj)eed steel cut from bars, hardened 
and grournl. Cutters made from forged high si)eed steel blanks give 
greater tool life than those made from blanks cut from rollcfl bars 
larger than 4-5 in. diam. The llaym‘s-Stellite Vak cast Stellite cut¬ 
ters to size anrl shape so that only finish grinding is necessary. To 
sav(* Stellite in larger cutters, the Stellite tei'th are cast directly about 
steel bodies or hubs. 

The bodies of most cutters larger than b in. diam., used in production, 
are made up of a inedium-carbon or alloy steel, and the cutting ti'cth 
are made of cutting-tool metal. High speed steel. Stellite and solid 
carbiile bits or blades, or steel lolade.s tipi)ed with sintered carloide are 
held in slots by wedges or by wedges and screws. By so doing, the 
teeth may be renewed readily with little cost. All inserted teeth are 
ground after they have been adjiisteil in the body, so they arc true 
with respect to the axis of the body. These tool materials and their 
characteristics have lieen discussed in C^haj). V. The principal dimen¬ 
sions of inserted-l)hide milling cutters arc given in ASA B5.3, 1950. 

Definitions of Cutting Speed, Feed, and Depth of Cut 

The cutting speed of a milling cutler is the peripheral lineal speed 
resulting from rotation. It is a j)rodvict of the circumference of the 
cutter and the number of revolutions jier minute, and usually is ex¬ 
pressed in feet ])er minute. 

V - 
“ 12 
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in which tt — 3.1416. 

V = tJic cutting speed in feet per minute. 

]) -- the outside diameter of the cutter in inelics. 

N the rcvohitinns of the cutter per minute. 

The depth of cut is usually the distance between the original and 
final surface, or the thickness of the layer of malerial being removed. 
Figure 45 indicates a section of a plain milling cutter in action, with the 
feed iier tooth and de])th of cut indicated. Also, see Figs. 35 and 39. 

The feed in milling may be exju’essed as 

/ = feed of the work in inches per tootli of the cutter, or 
/' ^ feerl of tlie work in inches j)er revolulion of the cutter, or 
F = feed of the work in inclies per inimile into tlu' cutter. 

If r\ I’cpresents the number of teeth in the cutter, and N rejn-esents the 
revidutions per minute of the cutler, then F - A7' = fr\N. 

In milling practice the feed per tooth of tlie milling cultt'r is the 
logical basis for computing the sjn'ed anil feeil for any given setup. 
If the cutter has 12 teeth, and a feed ihu* tooth of 0.005 in. is selected 
as being aj)j)ropriat(‘ for a given cutting coiulition, then the machine 
ill which tlie feeds are exjiressed in iiiclu‘s jier l evidution of tlu' sjiindle 
would be set up for a feed of 0.060 ipr. Tlie feed per tooth would 
i-einain at 0.005 in. regardless of the cutting sliced or revolutions per 
minute of the spindle. In the gi'ared or hydraulic-drive machine 
wliere the feed is expr(‘ssed in inches per minute, if the cutter lias 12 
tr'cth and a feerl of 0.005 in. per tooth is selecterl, the feed per revolution 
of the cutter still would be 0.060 in.; if the cutter rotates at 80 rjim, 
tlien the fceil or table travel would amount to 4.8 in. jier min. If the 
cutter speed is increased to 100 rimi, the feed in iiiclu\s per minute 
remains 4.8, so the feed is reduced to 0.048 ijir, or 0.004 in. jier tooth. 

It is seen that, in the first case, the feeds could be selected and then 
die speeds adjusted by trial until .satisfactory performance is obtained, 
with the feed in inches ])er tooth remaining constant. In tlie second 
illustration if, after the table feed in indies per minute is selected, there 
is a change in cutting speed or revolutions of the cutter, the feed per 
tooth of the cutter also is changed. 

The Formation of a Chip in Milling 

In the milling process each tooth of the cutter cuts intermittently, 
i-p., for only a portion of a complete revolution. In face milling, 
Fig. 44, tlie length of each chip, A-H, is dependent upon the width of 
the rut. If the width of the cut equals the diameter of the cutter, 
then eaeh tooth will put for a complete half revolution. Usually, 
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however, the width of the fiicje being niaehiiied is less than the diameter 
of the cutter. The thickness of each chip in face milling is greatest 
iinnieiliately ahead of the center of the cutter and is less on cither side. 

For all cutters which cut on the periphery of the tooth, the length of 
the chip removed by each tooth de[)ends principally upon the depth of 
cut and cutter diameter. Figure 45 shows an end view of milling cut¬ 
ters cutting on the periphery. The crosshatched area at A indicates 



Fig. 45. A Grjii)hii'Ml Analysis of Chip Formation When Out,-MiUing and In-Milling 
with Coarse- and Fine-Tooth CutUirs. 

With think ^hi |)^1 rnmnvL'ii innri’ ['Hirinntly, from a fiowrr HtiiiiiliiMjiiit, thiin thin rliip^f, it i.s .srioi tliut 
till* 4-tijotli riittur in mum i^frinionl whoii in-niittiiiK »t B tluin wiinn oul-cultiiiK. It is setiii, also, 
that tlic fiiii'-tiiiith cuttiT is iimm ciririeiii wlinn in-rutting at D tluin whi*ii uiil-riitliiiK. I'lirthsr it 
is siHMi that thi‘ liiiB-Uiulh rutti;r wlirn in-rulliiig is more ellivimit than the iiuarHe-tvoth nutter when 
in-flutting, tliu feed pur tooth iu all casaa bniug the aame. 


the sectional area of the rhij) removed by a single tooth. The feed per 
tooth and depth of cut arc indicated. The tooth comes in contact with 
the surface of the work at the point A’ and leaves the w’ork at the point 
F. It rubs over the surface at the point A' as the material is fed to 
the right, as indicated by the arrow, while tlie cutter rotates clockwise, 
until the foree between the tooth and the work is suffieient to cause the 
cutting edge to dig in. If cutters are dull, a considerable force between 
the work and cutter is necessary before a chip starts to be formed. The 
thickness of the chip, at riglit angles to the patli of the cutting edge, 
is practically zero at the point A" and reaches a maximum at the point Y. 
The cross-sectional area of the chip removed is equal to the feed per 
tooth times the depth of cut. 
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Tlie rutting condition shown at A, Fig. 45, represents that most 
commonly used. The cutter rotates clockwise while the work is fed 
to the right, botli motions being indicated by arrows. In this manner 
the cutting tooth cuts against the motion of the work. This is referred 
to as out-cutting, or against the feed, from the machined to the work 
surface. At B the cutter rotates clockwise while the work is fed to 
the left. This is called in-cutting or climb or down-cutting, in 
which the cutting action is into the work with the feed. The feed per 
tooth of the 4-tnoth cutter is the same at A as at B. An analysis of 
the two chips formed shows that the chip at A is thinner and longer 
than the chi[) at B. Illustrations at (' and D represent, resi)ectively, 
ciiij)s jiroiliiced by a tooth of a 20-tooth cutler when out-cutting and 
in-cutting. Again it is seen that the chi]) at C is much longer ami much 
thinner than the chip at 1). Therefore, the sha])c of the chip jjroduced 
by a cutter of a given number of teeth is influenced considerably by the 
cutting being done, in or out. The greater the number of teeth in the 
cutter, the greater the difference in shape of chi])s. 

^^’ith the same cutter a less wavy finisli usually is ol)tained when 
iiiilling in than when milling out. With ])roper rigidity of tin* machine, 
the cutter, the fixture, ami the work, it is claimed that heavicT feeds 
and greater tool life, togelluT with a less burnished and smoother finish 
fin the work, are obtained by in-milling, ('hatter is aj)t to oceur when 
niilling out, presumahly because of the sliding action of the cutting 
tooth over the work at the start of the cut. It ai)])ears that the built-up 
edge forms earlier in tbe cut, and is of a greater size when in-milling. 
Tins built-up edge continues to exist to tlic extreme end of tbe chip 
which I'emains thick in contrast to the chij) removed in out-cutting. 

SPEEDS AND FEEDS FOR MILLING 

In ])ractire, values of cutting speed, fcial, anil ilc])th of cut vary for 
ilitferi'iit kinds of work and ciiuijnncnt. In the toolruom with its com- 
i'aratively light machines, makc.shift holding devices, and wliatever 
arbor and cutters are available, it is not ])ossible to obtain the high 
speeds anil feeds employed on lieavy-i)roiluctioii-type machines with 
carefully constructed fixtures. Value.^ can be set uj) only as a guide 
for starting jiurposes. They then may be inodificfl as experience indi¬ 
cates. 

A cutting speed should be used which is as high as jjossiijle com¬ 
mensurate with satisfactory life of the tool between grinds. High 
‘^peed and light feed are sf)metiines necessary in order to priiduce a very 
smooth finish. This is always accoinplisluMl at tin* ex])ensc of power 
effieiency. Consistent with the rigidity and strength of the machine, 
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fixtures, and eutters, anil vvitli the finish desired, the greatest depth and 
tliiekest possible rhip per tooth should be taken. After deciding on 
tlie heaviest feed per tooth that the cutter can carry without over¬ 
straining the cutter or the machine and witliout overcrowding the chij) 
space or prorlucing an unsatisfactory finish, the cutter speed should 
then be increased until the jioint is reached where productivity starts 
to fall off owing to frequent sharpenings of the cutter. This will lead 
to efficient and raiiid production. 

The correct speed of the spindle depends upon a number of variables, 
such as 

1. Tilt' iii.'itT'rial, sizp, typr; of ami niinii)i'i‘ tif liinl.h. 

2. Till' kiml Mini iuiiniinl of niMlniMl In h(< i‘('iii[)vrul. 

3. Tim rcliilinii nf ili'iilli of i;ul Mini fcutl. 

4. 'rim 1 ‘iillinp; lluiil iisnil. 

5. Tim linisli licsiri'ij. 

6. 'rim rigiilily nf llic imn liiim, Mrbnr, i iilln-, fixliii t', iinil wnrk. 

7. Tim jinwur liVMilMlili? Mini l.lm slri'iiKlIi nf thi' si'liiji. 

The feed of the work into tin* cutter is of greater importance than 
the speed of the cutter, sini-e it governs tin* output. If the siieed is in¬ 
creased, the fei‘d also should be increased to keep the feed jier tooth 
constant. A safe rule to follow is that the .spier/ Hhould be OlS fast as 
the cuttei' will stand without being grounfi too often, a7id the feed as 
coarse as is consistent with the desired finish, available power, and 
rigidity. A combination of speed, feed, and number of teeth should 
be determined to give maximum metal removal per cutter grind and 
still leave the desired finish. With carbide tools, the speed is high, so 
that, to stay within the jiower capacity of the machine, it is often neces¬ 
sary to reduce the nuniber of teeth in the cutter. 

Table 1 is given as a guide to determine the iirojier speed and feed 
for high sjieed steel cutters. Carbon-steel tools should operate at 
sjieed from V:; to ‘ff those of high speed steel tools. Cast iionferrous 
tools should oiierate 1.5-2 times and sintcred-carbide tools 3-5 times 
as fast as those of high sjieed steel. The feeds should be low for hard 
metals and for small and lightly supported cutters. 

Uecommeiuled feeds per tooth for different tyi)es of cutters when 
milling various metals are shown in Table 2. 

MILLING-CUTTER TEETH ANGLES 

Relief angles for plain, side, anil face milling cutters of high speed 
steel are indicated in Figs. 42^4. Specific values arc given in Table 1. 
The relief may l)e reduced to eliiiiiiiMte chatter or increase tool life on 
extremely hard metals, as such cutters usually become dull by abra- 
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Tablk 1. Speeds and Feeds with Rake and Angles Regummended 

fob Mir.ii Speed Steei^ Mti.ling (U’Tters ok the rBODiM'TioN Typic ovek 

3 IN. DIAM. 


A nuttiiiR fluiii .sliDiilcl \m uspiI wlioiinvor pussiblr. Thp- rplinf :iii|rli\s sliiiiilil bp 
increased 25-50 per cent for cutters less than 3 in. diaiii. 



(vUt tilljr 

Feed, 

Angles, fJeg 

M ptnls 

Speed, 

fpin 

in. per 
tooth 

Radial 

Rake 

Relief 

AliJininuin 

500-1,0(M) 

0.000-0.020 

20-40 

10-12 

Biikplilc, j)hislics 

100 

200 

0.010-0.015 

5 10 

5-7 

Bniss 

100- 

200 

0.008-0.015 

010 

10 12 

Brnnzp 

30- 

200 

O.OOfi-0.012 

0-10 

4 10 

C^'LsI iri)ii 

50- 

120 

0.006-0.025 

S^IO 

A 7 

CmsI iron, malleable 

SO- 

100 

O.OOfi-0.020 

10 

5-7 

Clipper 

100- 

200 

0.000-0.015 

10-15 

S-I2 

Monel metal 

70- 

SO 

0.003-0.012 

10 

5-S 

Steel, alloy, heat trp.attul 

30- 

50 

0.003-0.015 

10-15 

•1 5 

Si eel, alloy, not lieal treated 

Steel, annealed high-i‘!irboii 

joo- 

70 

0.005-0.015 

10-15 

5 ti 

Sttird, low-i;arbnii, (!ol(l finished 

HO- 

100 

0.(K)5-0.020 

10 20 

5 7 

Steel, stainless 

fiO- 

!)0 

0.003-0.012 

10 

5-S 


Table 2. Feeds per Tooth for Different Typi^s 
OF High Speed Steel Miia.iNti Cirmiits When C/OTTiNf! 
Various Metai.s 


(RecoinmiTideil liy the Ciiieiiinati Milling Machine Co.) 


(’utter 

Feeil per Toulli 

Saws 

0.002-0.003 

Slotting cutters 

0.003-0.005 

End mill 

0.001 0.010 

Face and sliell end mills 

0.007-0.025 

Spiral mill (helix angles to 30 deg) 

0.005-0.010 

Helii;al cutters (from 30 to 00 deg) 

0.004-0.008 

Form cutters 

0.003-0.008 


sinn on the tooth flank. For general work railial rake angles of 
10-15 deg are satisfactory. Axial or side rakes on side cutters shouhl 
he used when possible by alternating or staggering the teeth. Helical 
teeth increase tool strength and jiermit a snn»other cutting action 
through longer contact of each tooth witli the work and its overlapping 
with the next tooth. Roughing cutters often have nicked teeth or 
irregular edges to break up the heavy, long chips, Fig. 53. Stellite 
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cutters should have slightly smaller rake angles to make use of the 
harder metal on the periphery of the blade in forming the face. 

The Ingcrsoll Milling Machine Co. has developed a face mill known 
as the Shear Clear cutter which, for cutting steel with high speed steel 
cutters, has an axial rake angle of approximately 30 deg and a negative 
radial rake angle of 10 deg which, accompanied by a perii)heral cutting- 
erlge angle of approximately 40 deg, cause the chips to be coiled in the 
flutes and thrown to the outside of the cutter, thereby preventing their 
destroying the finish on the work and binding on the insitle of the 
cutter face. 

For sintered-carbide tools tiie relief angles may 1)(‘ as small as 
3-5 deg for hard metals but 8-12 rleg for soft metals and cast iron. 

Rakes of sintered-carbide tools for cutting malerials giving discon¬ 
tinuous chips for brass and cast iron (also the light metals) are found 
to give the highest speed-tool-life conslant for posilive values of 
3-8 deg, while steel performs best with negative rakes of 5-10 deg. 
The liigh Y^dues are for the harder steels. The Kearney and Trecker 
face mill with solid blailes of sintered carbide grouml with a ritlge back 
of the cutting edge at negative 5-9-deg rake with a width of times 
the feed, l)acked by a i)ositive rake of 15-30 deg, provid(‘s a lip angle 
greati'r than 90 d(‘g to accommodate the carbide of high comjiressive 
strength but low ductility, and yet allows the chij) to flow freely over 
the built-up edge supported on the ridge. Negative rake angles are 
definitely beneficial for intermittent cuts to prevent chijiping of the 
cutting edge. At the start of each cut the imiiact of the work falls on 
the face of the carbide tool back of the cutting edge rather than on 
the cutting etlge itself. 

Sintered-carbide tools must be operated at speeds three to five 
times those used for high-s])eiMl tools, to avoid the chipping of the 
rutting edge. At speeds below 2()()-25() fpm chipping is probable, and 
the tool life will be less than at higher speeds of 300-600 fpm. All 
blades for cutting steel should be honed to 0.004-in. width on the 
cutting edge to dull or chamfer it with a 400-grit diamond hone to 
increase tool life. Cutting fluids are useil on carbide tools only when 
a large supiily can be directed continuously on the cutting tool. For 
intermittent cuts in turning or in milling, cutting fluids are deleterious 
and reduce tool life. The intermittent cooling causes frequent wide 
temperature changes, and the carbide will develop cracks (heat checks) 
at right angles to the cutting edge. These cracks will lead to chipping. 
Light feeds of less than 0.003 in. per tooth cause chipping, and feeds of 
0.005-0.012 in. or more are more satisfactory. 

A large positive peripheral cutting-edge angle up to 30-60 deg, a wide 
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Leao! CufHn^Eufge 
~Flaf Cui-fing Eo/ge 
Face Concave Cuf-ting Edge 


46. A MilliiiK CuttRr Tootli FaRR, Sliowinp; ITnw <h(i FiiRp-Ciittijic Eilgn Is 
Madij Up of M Li'jirl CutliiiK EiIrr, a Flat, anil a Gonravo ("iitliiiR ICilgi; (ASA 

B5rJ, 11147). 

'J'lir ilmwini' sIiijwn huw luud aii|;le iiiuj' be JeMi|£Uiiteil in tliuiiKandtlui uf uii ineli at the left aud 
by di^Knurs at tlie riiflil. 


y— Cuffer Body 

"5 Beg Peripheral^ ' 

CufHng-EdgeAngte^\^ 

p^riphetal-^\\^^ 

Cuffing Edge x ^ , 

. BlL/a.e^ A ! 


Chamfer 

(rV^^SV 



■5! 

4. 



face Flank 


Ein. 47. A Typical Fact? Mill with Blade Placed in Holder to Permit Radial Adjust¬ 
ment RequirtMl by Peripheral Wear as for Deep Cuts. 

The valueR shnwii are for exiilanatury purinjeeti only. 
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rhrtinfcr, anti a nnsn ratlins u]) to % in. inrrrasc the ttail life of fare 
mills ajipreeiahly. For i)etter work rinish, a small faee-eiilting-eil];!;e 
ari^;le shniilil he usimI, V/j-2 ilej^ ftir ItiiiK lift', anil */»-! rleg for the 
hotter finish. A flat Vjiii- will improve llie work finish still 
more, ami a flat with a leatl anj^le of about ile^ will retluee ehatter 
fttr finishing euts as slmwn in Fig. 46. It is also gor)il praetiee to have 
one tooth witli a flat the width of which is slightly more than the feed 
of the cuts per revolutitjn, with the balance of the teeth having 
Vlj-2-deg face-cut ting-edge angle for long life. 

The face-milling blades may be held in the cutter body by wedges, 
clamps, serrations, and screws. Figure 47 illustrates how the blade is 
hi'ld Avith a small faci'-blade-si'tting angle to pi'iinit railial adjustment 
ol the l)lade wlo'U it is regrouml. This is reipiired wlitai ileep euts are 
taken, as the wear is jirincipally on the j)eriphery. The blade of 
Fig. 46 is set lU'arly [ixially to j)ermit axial ailjustment at the time of 
grinding to compensate for excessive wear on the face as eaiiseil by 
finishing ruin. 


TAHliE 3. Ch’TTlNfJ-ScEEI) ToOli-LlFE lOoeATlONS FOR 
Face Mili.inc with ('MiHinKs 


MiLli^rial 

Cut 

HAI':4130 

Stiu'l 

SAi:4130 

.Sleel 

8AF 4130 
Steel 

SAK 1020 
iSlocl 

Cast il l III 
40,000 psi 

Him. 

1 HO 170 

1 HO 170 

400 

IHO 

100 

Wiilili 

3-’{r, 

^'*10 

3)4 

3)1 

4 

Depth of I'.iil 

0.1 ss 

0.015 1 

0. ISS 

0.1S7 

0.100 

Feed,ipl 

n.oio 

0 003 

0.015 

0.015 

0.010 

Milling 

culler 

('iii'hiile 

^I'iule 

Various 

Various 

K311 

K3H 

K2S 

No. teelh 

1 

1 

1 

1 

1 

Diiiinider 

lOV.f 

101'4 

10 M 

10'4 

0 

Tootli shape 

-in, -in, 3, 

-10, -10, 3, 

-5, -10, 3, 

0, 0, 3, 3, 

+7, -h4, 0, (,, 


3, 2, 15 X ‘ i 

3, 2, 45 X H 

3, 2, 1.5 X ‘ 4 

2, 45 X t, 

H, 2, 0, 1 w rad. 

Toul-lile 

eiiualioii 

F7’n»f' = 2,350 

v'n ^'•=4,m) 

r7'"'‘ = 1,500 

V-pn 32=3 4QQ 

rV’iiM =2,215 

V'w. 

570 

040 

200 

!)()0 

487 


Typical cutting-sj)eed tool-life equations when face milling SAE 
1020 steel, Aleehanite cast iron, and SAE 4130 steel under specific 
conditions arc giAum in Table 3. The exponent of the actual machining 
time, T^JJ is much greater than that for turning with sintered-carbide 
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tools. Whon milling a 4-in.-wide face, the actual Lime of cut, Taj to 
produce the 0.030-in. flank wear is 0.14T.U. 

Speeds for sintered-carbide milling cutters for various metals may 
he as follows for a starting point — lowered or increased as test runs 
indicate: 


Aliiiiiimiin and iiiM^nesium allnys 7,000 ipiii 

IMastif's and iiinuindallif mnlaLs 1,000 

lUiLss and hrinizo.s 1,000 

r.-Lsl iriin, sf)fl 3.50 

('iLst in 111 , hard 200 

Snl'l sliM'l (110 Hhii) 700 

('i)ld-fiiii.slHMl lr(M‘-i*iit1in^ .stiad (KiO Bhn) OIK) 
Liiw-f*:i,rh(in .slrid (ISO Hliii) ,550 

SliM'l (200 MIm) 500 

SI rid (250 min) 1.50 

Sind (300 mill) :kk) 

Sind (400 min) 200 

SLaiidrs.s sind 350 


POWER AND ENERGY REQUIRED IN MILLING 
Pendulum Dynamometer Tests 

At the left in Fig. 48 is shown on log-log pai)er the net milling energy 
j in foot-pounds per chip for various value.s of the fecMl per tooth for three 
deiiths of cut, namely, 0.050, 0.100, and 0.15G in., when cutting annealed 
luw-leatled brass consisting of 05.5 per cent copiier, 34.1 [ler cent zinc, 
0.25 per cent lead, and 0.10 i)cr cent iron. Lard oil was aiiplied as a 
cm ting fluid. The solid linc.s represent tlie energy values when out- 
cutting, and the dashed lines the values when in-cutting. It is 
interesting to note that all six lines are parallel, the tangent of the 
angle of the slope being 0.77. It is seen tliat, if the dejith for a 
given fetal is doubled or tripletl, tlie energy iiiereases almost but not 
puitt' in the same pro])ortinn. The variable-feed uurves show that 
ni-rntting reriuires less energy than out-cutting, although tliis rela¬ 
tion does not htdd true for all inelals. 

At the right in Fig. 48 are .shown the milling-energy values in foot- 
jniunds j)er chip for variable depths for eaeli of two values of feed per 
tiiiith. Again, four straight lines are nlitaineil, all of whicii are paralhd. 
It is seen that, for a given dejitli of eut, if the feeil is douhhid from 0.005 
to 0.010 in. per tooth, the energ>^ inereaso is in the projairtinn of 2 to 
3.5. This i-ihows that tliiek chijis rerpiire less energy in proportion than 
thill eliijis. Tlie tangent of tlie angle of slope of these lines is 0.90. 

The cutter used in the above tests was a plain mill (an cnd-cutting 
tooth), 3.5 in. diam., 0.347 in. wide, having a back-rakc angle of 15 deg. 
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Frf)in tlie results of Fig. 48, an equation giving the relation between 
the net energy in foot-pounds per chip E, the w'idth of the cutter u', 
the feed per tooth /, and the depth of cut d, all expressed in inches, may 
be written as follows: E = C represents a constant which 

when out-cutting is 6,040 and when in-culting is 5,171, as shown in 
Table 4. The energy values have been found to vary directly with 
the width of the cutter, w. The above equation shows that the energy 
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FnJ. 48. The FiiU'.iKy at the Tool Point Required in Foot-Pounds per Chip for 
Various F'eeds and l)eplh.s of Cut When MilliuK Rrass with a Side-Milling Cutter 
0.347 ill. Wide When Oul-Milliug (Solid Line) and When In-Milling (Dashed Line). 


per chip increases with an iiiciease in feed and depth of cut onl}^ as the 
0.77 power of the feed and the 0.96 power of the dejitli of cut. This 
proves the ilesirability, from a power standpoint, of taking heavy feeds. 

The total net liorsepower ileveloped by the cutter is hpr = 
A'n.V/33,000, in which n is the number of teeth anil .Y the revolutions 
per minute of the cutter. This, divided by the cubic inches of metal 
cut per niiiiute, wfdnX, gives the unit hp^.. Net energy and hp,. for¬ 
mulas with values of unit hpr and constant C for milling different 
materials both out and in, with a variety of cutting fluids, are given 
in Table 4. 

Values of hp,. when cutting dry with the same cutter under the same 
rutting conilitions are also given in Fig. VII-22, along with correspond¬ 
ing values for drilling and planing. It is seen that the horsepower per 
cubic inch per minute when niilling varies from about 0.28 for Dow- 
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Tablk 4 . Net IOnerry and ITorsepowkh Fohmui.as with Values of the 
C’ONSTANT C FOR MiLLINR DIFFERENT MATERIALS BOTH OuT- AND In-CuTTING, 
WITH Various Cutting Fluids 


(Fnriiiulii: ii’ = in whiuh C = rontsiant fur iMittpr, iniitKriiil, and riittinK fluid; E = energy 

in rimt-pounils per rliip at thn tool piiini; w = width of cutter in inches having 15-deg rake; / = feod 
in iiiclics per tooth, and d = depth of cut in inches.) 



Eorinulas 

Unit hpr* 

Values of C 

Material Cut 

Energy, ft4b 
per Chip 

Unit hpn 

Out 

In 

Oil 

Nu.t 

Out 

In 




1.388 

1 . Ifill 

1 

5,520 

4,0.50 

SAE 1020 steel 


C 

1.084 

1.000 

0.052 

0.700 

4 

5 

4,320 

3,080 

3,700 

3,170 

Violh out and in 

flfl.OOO/u-firf"--® 

1.084 

1.043 

0 

4,320 

4,150 




1.043 

0.080 

8 

4,1.50 

3,000 




0.030 

0.854 

10 

3.700 

3,4IN) 

SAE 3150 steel 


C 

1.327 

1.278 

1 

11,000 

10,000 

H3.1MI0/‘' »• 

1 . J 80 

1.082 

10 

0.780 

8,080 

SAE r,l40 .^teel 


f’ 

1.44 

1.52 

1 

10,030 

11.220 

:t3.<ion/" 

1 .348 

1.427 

8 

0,050 

10,520 

I' riM^-fUtting screw- 


(’ 

O.O.'id 

0.784 

0 

8,180 

0,720 

si III-k steel 

3;L0IM)/''”3d«-W 

iligh speed steel 

Cw./n.tadu.Hi 

r 

1.437 

1.525 

1 

0,700 

10,4IHJ 

lia.lMM)/" 

1 .437 

1.525 

8 

0,7(81 

I0,4IM) 

('list iron 


r' 

33,000/“ 

0.085 

0.740 

1 

505 

043 

lA'ttded screwstock 


(' 

0.381 

0.358 

5 

3,830 

3,0IN) 

lira.s.s 

33,000/" 

0.381 

0.358 

0 

3,830 

3,0(8) 

Annealed unleaded 


r 

0.573 

0.401 


0,040 

5,170 

brass 

33,000/" 

.5 

1*11 re copper 

* 


r 

1 .233 

1 .010 

1 

5,080 

5.(88) 

33,000/" sNf" "* 

0.7115 

0.005 

8 

3,800 

3,375 


(Out) C,r/n=id"-76 

^ iniiti 

0.143 


] 

74 


Hakulite 

1 llUl J 

33.01M)/"25 

r 

— - _ jlj,j 

33,000/" 





(In) 


0.148 

1 


130 


* Feed in inches, 0.01 f); defith uf cut in inches, 0.12o. 
t Cutting fluid 1 is dry cutting. 

Cutting fluid 4 Ls a soluble oil. 1 part oil tu 10 ports water. 

Cutting fluid 5 is a No. 2 lard oil. 

Cutting fluid 6 is a light mineral oil. 

Cutting fluid B is a light mineral oil containing 10 per cent No. 1 lard oil. 
Cutting fluid 10 is a sulpliurizud light mineral oil. 
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jiirtfil to 11 niiiximiiin til 2.8 for 13 \)vv c-tMit clinmiiuin iron. \Vlu‘rcvor 
nro.ss viiliK's ari' llii' L*ftii*ii‘ricy of tlii' iiiiu'liiiio uiuli'r Inail nin- 

(Jilioiis must he liikrn inln iMiiisiili'iulimi in urtlur In iirrivu iit tlin nut 
pnwer rinnsumnl by tliu [-iiUer. 

Dynamometer and Wattmeter Tests 

A flyniimnnintnr and wattmeter were used nn a Cineinnati, No. 4, 
knee-tyi)e milling inaeliine wlieii slai) iiiilliiiij; annealed SAK 3150 steel. 
The {jjross power, lai e, and net horsepower wei'e reeorded on tin; watt- 


Tangential Force - 15 Deg. Rake 
T-B1150 



Fin. 4!). TariKfMitial rioitfil on Ijo^-ho^ Papi*r for the lljiku, 25-ilf‘K 

Li'l'l-Ihiiiil Helix Slab Mill 3 in. iliaiii., llaviiip 12 Teetli Openitiiij:: :»1 17 rpin 
(13.3 Ipni) When C'uKini; .Xiinealed SAl] 3150 Sleel at Variou.s Feeds and Dejiths 
with a Sulphiiri/ied Miiie.ral-Lard Oil, Width of Cut 2 in. 

meter, whili' the thn’e eompoiii'iits of the foree on the eutfer were reml 
on the dynamomi’lI'r. F'oi' ^■arious values of feed and depth the iorccs 
are shown as follows: the hnrizonlal taiijj^ential forces. Ft, Fi^- 49; 
axial forees, F,\, Fi^. 50; normal or vertical forces, F\, 15^;. 51, for the 
helical mill described in Fii;-. 49. Values of net liorsej)ower [hpg — hpt) 
for the various values of feeil and depth of cut for this 15-dei!;-rake 
helical mill ar(’ shown in Fi^j;. 52. liquations for these forces for net 
power [ind unit net ])ower with siiiadfic values of unit net power are 
sunimarizeil in 'Fable 5. {Tniris. ASME, October, 1937). The ^ross 
power developed in out-ciittiiip; with a rouf»:hing; helical mill is illus¬ 
trated in Fi^. 53. 

Ilhtnlratii'c pratilrm: Find tlu' laii^nitial fmcr on the riiillinpc riitter 3 in. diam. 
lniviii|E 12 ti'Clli. 2l)-dc|s rakn aiiirlc. and 25-dcg hriix an^lr. uiaMalinK at 17 rpm, 
wlu'ii taking a nil in the annealed SAE 3150 steel 2 in. wide, 0.075 in. deep, and 
U.009S in. per tooth feed. The logarilhmir form of the equation, as tiikeii from 
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Axial Force - 15 Deg. Rake 
A=9960 ad 



Feed-In. per Tooth (f) Depth in Inches (d) 

Fig. 50 . Axitil Fi)n',t\s Plottod on liOg-Loj; Piipor lor llu? C'uls l)i‘SfMil)iMl in ID. 



0.000 0.050 0.100 0.150 O.ZOO 0250 

Depth in Inches 


Fig. 51. Normal li'oi’LU'H PluitiMl on Cartesian Coordiinil os over the Depth of Cut 
in Inehes I'lir the Cuts Desei'iheil in Fi|f. 4D. 
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Tabln 5, is Idr T = log 72,600 + log 2 + 0.77 (log 0.075) + 0.688 (log 0.0098). 
From the logarithmic tablo, the mimtissa of 72,600 is 0.86101, but as the iiuiiiber 


Net Horsepower - 15 Deg. Reke 
HP. = 0.500nNwd"-"’f““ 



k 1 la 2 33* 225 2§s 8S88 

Feed-ln. per Min. S8 qpp pSS 

os 000 000 SOSO 


Feed - In. per Tooth Depth in Inches 

Fig. 52. Net Horsepower iis Determirieil from the Wattmeter for Various Feetls 
and Depths Plol teil on Lng-Log Paper for the Cuts Deseribeil in Fig. 49. 

n = nuiiiliiM' [jf tc'utli in the cutter. d = [IcpUi of rul, in. 

N =■ Hiicufl, rpiii. / = feed per luutli, in. 

w width of cut, in. 



CourlPtiy Inffpr/fpll Milling Machine Co. 


Fig. 53. Slabbing the Lilges of Two Locomotive Drive Hods of 0.40 -0.60 Per 
Cent Carbon Steel on nn Ingersoll 100-hp Horizonlal-Si)indle, Imrliiied-Uail, Planer- 
Type Milling Machine. 

An InKcrenll O-in.-diaiii.. Iiidirnl. pliiin nitter niiiluininK fnurtepn lii^h kik'imI stpp|-iii8i'rteil liludc.8 is 
riiltinK Ht 2,’> rpin ur .‘iH.7ri fpiii. u depth iiF nit (if 2'.j in., and a width uf rut nf (i in. The feed |ipr 
minute is 3.1^ in., and 53 hp ie devi'Iiiped by the iiiutur. heavy llnw of an iMiiidaiiin is uslmI. 


has five digiLs, Ihe log has a ehiiracti'iisiic of 4, lesiilling in 4.86101. Also 0.77 
(log 0.075) - 0.77 1-2.S7506) - 0.77 (8.87506 - 10) = 6.8,3380 - 7.7 and 0.688 


















AND Power When Milling an Annealed SAE 3150 Steel with Five Helical Mills 
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• Value for d = 0.075 in., / = 0.009 in. per looth. and ir = Z in, See Fif. 49. 
t Net hp equals the btobb wattmeter power lees the tare for machine running idly. 
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(li)K 0.0098) 0.688 (-3.9<)123) - 0.688 (7.99123 - 10) = 5.49795 - 6.88. Then 

Idk T == 4.86101 -h 0.30101 + 6.83380 - 7.7 + 5.49795 - 6.88 - 2.91379. TIir 
niiinliR]' whoHR miiiilissu is 0.91379 is 82, Lut tlio RliMrai’turisiii; 2 iiiilipfitps three 
digits, so T = 820 lb. 



Fio. 54. A Recording Wattmetpr Chart. 

A cBflt iron of 17,nOO |i»i and 170 Hrinidl lianliiRSH, ‘2 in. tliirk by 4 in. furi^ and 30 in. long, was bp.ing 
face inillml un a KeaniL^y and Trt’i'knr ('ur|). fj IIM iiluiii, liDriKuiitul iiiilliiig iiiuidiinp. A face luiil 
9 in. in diain. witli Hi inpurted ti‘(d.h tipiied with K28 tsiiiteri'd r’.iirbide nras operating at 122 rpiii or 280 
fpin with a feed per tiiiitli of O.OtHKl in, fur eatdi of several depths of rut. The tooth anglers were +7, 
+4, 0, n, 2 and 0 deg, 0.070 in. chamfer 45 deg friiiii the nutter face plane. The chart sIiuwh huw the 
net power is obtained from the gross and lure. 


Wattmeter Power for Face Milling 

The 5 HM plain, hnrizimtal, kiuT'-typo milling machine shown in 
Fig. 5 is equip()fcl with a rcconling wattmeter so that the power de¬ 
livered to the 20-hp motor in the base whic h drives tlie spindle can 
be recorded. The net power, hp„. dcvelojied by the motor to do the 
cutting is obtained by subtracting the tare power, hpt, rerpiired to run 
the machine with sjieed and feed gears engaged, but not cutting, from 
the gross power, hpp, required to drive the machine while the cutting 
is in process. Such a cliart is shown in Fig. 54 in Avhich successiA’e 
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cuts are taken under otherwise constant conditions at depths of 0.025 
in., 0.050 in., and 0.100 in. For example, for the dej)th of 0.100 in. 
the gross kw is 5.250, the tare is 2.175, giving a net power of 3.075. 

Many tests, involving a wide variety of variables of the cutter, the 
material cut, the cutting fluid, and the cutting conilitions of speed anti 
feed, have been run. Table 6 shows the results of i)ower determina¬ 
tions at each of four depths of cut from Vj n to Yj in. with four speeds 
of 100-800 rpm for each dei)th and at four differi'iit feeds ranging from 
0.0025 in. to 0.020 in. for each of the above conditions. A cast iron, 
having a tensile strength of 45,000 psi and a Brinell hardness of 217, 
was face milled on a 4-in. width of face with a earl)ide-tippeil milling 
(Utter describcMl in the table. From a preliminary study the mechani¬ 
cal efficiency of the machine was found to be api)roximalely 80 i)er 
cent, so that 

/ijJr = err= 0.80 hjJn 


'The unit hp,. obtaini'd by dividing hj),. by thi' cii[)ic inchi‘s (d' metal 
removed ])er minute is found In be 0.87 for the 'lu-in. depth of cut 
and 0.0025-in. feed for all four speeds. This shows that the unit hp,. 
is independent of cutting speed. For the 0.005-in. feed and the Vi 
depth of cut the unit hp,. is 0.74. It is 0.64 for the feed of 0.010 in. 
and 0.55 for the feed of 0.20 in. This shows that for a given dei)th 
the unit hp^ is reduced for the larger values of feed. The lowest unit 
h'p,, is 0.43 for the greatest depth and feed. Values of tare for the 
different speeds are shown above the table. 


Sample problem: A typical pniblcin is illustrai(3il here U) show liow lliHse lablits 
pan b(? uspii tu mimpulp tin* puwer rKijuirpiiimits for any J'acisinilliiig cutter whim 
milliiiK Oil* above lypi^s of casl iron. 

Problem: C7oiiipute tlie iiursepowrr, //pr, and the gros.s motor horsepowi'r, 
whiiii fapi; milling a 5-iii.-widp (ir) liar of cast iron of 217 Hhn and 45,000 p.si, Table fi, 
with a IMii.-diain. (/;), Ifi-timth (n) cuttiM- with l(!elh tippiMl with sintered e.arbide 
s di‘.scribed in Table 6. It is opi^rating at 300 fpni (t^), a feed (/) of 0.020 ipt, and 
.'L di'^plh of nul. (r/) ijf ^lfr,-iii. The axial and radial rakie aii|rl(‘.s should be eipial to or 
nearly eijual to those used in the te.sls. Li^s.? rake will reipiire slightly more prjwer 
and more rake will reiiuin; .slightly lews jiower. 

Soluium: 


irDN 



from which 


N = 


12y 12X300 


ttL) 


IT X '.1 


= 127 


Feed of work, in. jM-r min = F ^ fnN = 0.020 X 10 X 127 = 40.64. 

Cubic inches per miiiutr; = dwF = X 5 X 40.04 = 3H. 

hpc = unit hpr X cu in. per min = hpe/nu in. per min X cu in. per min. 



Table 6. Power for Face Miluxg a 45,000 Psi Cast Iron or 217 Bhx 4.0-in. Bar Face Width with a 9-in. Diam., 16-Tooth 
Carbide-Tipped (K2S) Milling Cutter with Tool Angles of +7, -1-4, 6, 6, 2, 0 and 0.070 in. at 45" Chamfer 
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hpa = GroBB horsepower to motor = ——;-1-Ap(Tare) 

Mecti. eff. 

hpf = Net power at cutter or spindle = unit hpc X wfdnN 
Mech. eff. = 79.4 per cent 
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From Table 6 fur TV = 127, d = and / = 0.020 ipt, the unit hpc is between 

0,46 and 0.50 or 0.48. 

if the iiiBchniiiral efiieimicy of the machine is 80 per cent, and hpi is 2.30 for 127 
rpm from Table 6, then hpr = 0.48 X 38 = 18.2. 

18 2 

hjig = /ipr/mech. off. + hjit = - + 2.30 = 22.8 + 2.30 = 25.10 

OaOO 

Therefore, a 25-hp motor may be used, but it will be overloaded by 50-100 per 
I'enl when the cutter becomes ilull. 

From the formula ^iviiig/ipr as a combined function of w,/, d, and N in Table fi, 
hpc = 2.61i/)/‘'’'‘f/''-8sA' 

= 2.61 X 5 X 0.020"X 0.187" “ X 127 
= 2.61 X 5 X 0.0475 X 0.229 X 127 = 18.04 

This value of 18.04 agrees favorably with 18.2 computed from the unit horsepower 
value shown above. Also 18.2 '25.1 = 0.72 or the over-all efliciency of the machine 
and motor, including the hpi. 

The general formula for fai*e milling 6ve cast irons with high speed steel cutters 
and three cast irons with sintpred-e.arbide cullers under specific conditions is given 
in Table 7 fi'oni which values of hpc may be computed for any feed, depth, and speed. 


Table 7. lOunATioNs For IIohskpoweu llEuriHED at the Cittteii When Face 
Milling 1-in.-WTue (w = 1) Bars of Different Materials 



Type of Face-Milling Cutter 

Malnrial Cut 

High Speed Steel (6-6-2) 

Sintered Carbide (K2S) 


58.3 fpm, diam., 

289 fpm, 9 in. diam., 


12-iuulh 

16-tooth 


+!), +U, 6, 6, 2, 0, 0.07 at 

+7, +4, 6, 6, 2, 0, 0.07 at 


45 deg 

45 deg 

Malleable cast iron 



123 Bhn 

hp, = 1.2e«!r’rf"’W 


50,000 psi T.S. 
Pearlitic malleable 

(0.40)* 


cast iron 

Ap. = 1.0«)/"»rf“"JV 


200 Bhn 

C'ast iron 

(0.56) 


170 Bhn 

Ap. = l.lVi/jC’rP’W 

Ap. = 2.04u!f’"rf'"Ar 

18,000 psi 

Cast iron 

(0.42) 

(0.41) 

217 Bhn 

Ap. = l.awr 

Ap. = 2.6u)/* 

45,000 psi 

Meehanite i;ast iron 

(0.61) 

(0.54) 

190 Bhn 

hp, = 1.02u>/"“d"“A( 

Ap. = 2.B9u)/''"(iAr 

40,000 psi 

(0.55) 

(0.52) 


The valiiGH in parentheHea below each formula are unit Ape for a depth of cut of 0.25 in., and feed 
tjf O.UIO in. per tooth. 
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Wattmeter Power For End Mills 

The end mills of -j/i in. tliam. had two teeth tipped with carbide of 
zero axle anrl radial rake. The net power at the cutler, hp,-, required 
to mill slots in SAE 3245 steel at 229 Him is hp,. ^ 0.12/" irrlNn, in 
wliieli / is the fec'd per trioth, w the width of slots, ri the diameter of 
cutter, A" the revolutions per minute, and n the number of teeth in the 
cutter, all dimensions in inches. Also unit hpr ^ 0.12//" '-; this gives 
values of unit hp,. as follows: 2.17 for / = 0.001, 1.63 for / ^ 0.002, 
1.22 for / 0.004, and 0.92 for / 0.008 in. ('an* must be taken to 

|)rovide ample chip space b(!tw(‘en tlie teeth. 

When end milling slots in Aleehanite cast iron at 190 Him (40,000 
psi) with a 2-li|) and 4-li|) t^rul mill, hpr 0.34/" and unit 

/i/i,. = 0.34//"Values of unit hpf. for feeds in i)arentheses are as 
follows: 0.915 (0.0005), 0.835 (0.0011,0.765 (0.0021, ami 0.696 (0.004j. 

GRINDING MILLING CUTTERS 

The grinding of milling cutters is one of the most important factors 
which the usi'i's of loids can control to obtain the maximum service. 
Alilling cutters should be keid sharp at all times and be ground to 
[)roper angles. It is much more i‘couomical to regrind milling cutters 
as soon as they show slight signs of wear than to run the cutter until 
the tei'th have become ehi])ped or otherwise* seriously damaged. Ex¬ 
treme care shouhl be taken not to overheat the* cutting erlge during the 
grinding operation. Light cuts shouhl be taken, removing not more 
than from 0.001 to 0.002 in. per cut. Ordinarily, grinding the teeth 
twice around the cutter will put the cutter in satisfactory condition if 
it is not too badly worn. To etpialize the wear of the wheel, it is good 
liractice to take a light roughing cut around the cutter, grimling all 
teeth in turn, then start a second cut on a t()oth ojqiosite the original 
starting point, again cutting all the way arouiul. Hy repeating this 
method and taking a light cut, wheel wear is equalized, and the opera¬ 
tor is able to keeji the cutter cylindrical. Sintered-carbide teeth may 
be ground separately and checked by a dial gage. 

Grinding machines used for grinding cutters vary from simple 
structures designed for shari)ening a few of the more generally used 
types of cutters, to universal tool- and cutter-grinding machines with 
a range that meets practically all demands in cutter grinding. Most 
cutter grinders are equipped with horizontal double-end spindles which 
are mounted on a vertically adjustable head which also can be swiveled. 
Straight or cup wheels may be used on either end of the spindle. 

For convenience in describing the common method employed in the 
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sharpening of milling cutters, they may be divided into three general 
groups: plain cutters, side cutters, and form cutters. Plain cutters 
usually are ground on the land and face. Side cutters are ground on 
the peripheral land, the side lands, if necessary, and on the front anil 
side faces. Form cutters usually are ground only on the face. A typi- 



Fir. 55. A Si^tup fnr Gniidiiig a Ridicf ou Uii; Jjaiul of a Three-Touth Ilidical Mill 
on llu* Brown anil SharjH* Tool Griniltn-. 

A Atriiielit abraaivR whi*i-l is nstul, riittinp im it» iiRri|»linry. Tlif riiihcr ih on it inuridrM Hiifi- 

T'orliMl in the univprjsal heiiil wliiidi is used iiisteud of the iiiiittjr-ilriveii heiitlsloek. The iinivei-Hul 
j 'i!i-ui| lins Vjuth It hurizuiitul anil ii veiticiil Knuluaterl dial for swiveliitK- 'I’he tooth rest supporting; the 
/line of the tooth beiiii; Kround is iittaeherl to the table. The of the wliiMd is set above the ei-iihT 

of the eiitU^r a distance X by tho Kruduated elevaliiinr handwheel on liii; top of the cnluiiiii, in aecord- 
ancB with Fig. SG. 


cal setup for grinding a relief on the land of a helical milling cutter 
having tliree teidh is shown in Fig. 55. A straight wheel cutting on its 
periiihery is illustrated, althimgh cuj) wheels culling on the end also 
are used for this class of work. Straight wheels of small diameter 
actually produce a slight concave land, wliereas cuj) wheels jiroduce a 
flat land and are more desirable. Figures 56 and 57 illustrate the posi¬ 
tion of the cutter and the grinding wheel when grinding tlie land back 
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of the cutting edge on a, plain milling cutter. Figure 56 represents 
the plain milling cutter having the land ground by the periphery of a 
straight disk wheel. To obtain the setting for the desired relief angle, 
the centers of the wheel spindle and work are first placed in the same 
horizontal plane. The tooth rest, consisting of a small strip of spring 
steel, is fastened to the table of the machine on which the cutter also is 



Fig. 56. Tin; Position of the Cutter Fig. 57. The Position of the Cutter 

anil the Straiglit (irindinK Wheel When O Tnehes in Diameter and the Cup 

the Land on the Periphery of the Cutter Grinding Wheel When the Land Is 

Is Being Ground to a Belief Angle Being Ground to a Belief Angle of 

9 by the Periphery of the Wheel d 9 Degrees by the Face of the Wheel. 

Inches in Diameter. u 

jr > - Bin 0 = D.D087 Dd. 

The whnRl ia raised a distance X in inchea 2 

abnve the center nf the cutter. 

d 

X > ^ Bin 0 >= 0.0087 d9. 

mounted and adjusted with a height gage to the same height as the 
work renter. The head carrying the wheels is raised a distance j. 
Fig. 56, so as to form the angle 9 between the horizontal and a wheel 
radius to the point of contact of the cutter tooth. The relief angle 

of the cutter is equal to the angle B\ then x = - gin e When 9 equals 

2 

1 deg and d equals 1 in., x^ = Vi sin 1 deg = Vi X 0.01745 = 0.0087 in. 
Therefore, this value of for 1-deg relief angle and a l-iii.-diam. wheel 
would have to be multiplied by both the actual diameter nf the wheel 
in inches and the desired relief angle in degrees in order to obtain a:, 
the distance to raise the center of the wheel above the center of the 
cutter. 
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Example: Find the elevation of the wheel renter over that of the eutter if a 
5-deg relief angle is lo be gi ound by Ihe ijeriphery of a grinding wheel 6 in. 
diain. The eoiisliinl Ji for 1-deg relief angle and l-in.-diain. wheel is 0.0087. 
The disLanre x, therefore, etiuals 5 deg x 6 in. x 0.0087 in. per in. per deg = 
0.261 in. Th erefore, the wheel head should be raised 0.261 in. 

In sharponiiig tin? land on the periiihery of the teeth nf tlie milling 
cutter with a eiip wlietd, tlie angle 0 is as iiulicated in Fig. 57. In this 
case, the diameter J) of the cutter is used instead i)f the diameter d of 
the wheel as in the examjile cited above. Also the tooth rest is fastened 
to the wheel head instead of the table. 

Exaviplv: If a 3-iii.-diaiii. cuMer is Id be ground on the periphery (o have a 
7-deg relii'f, the wheel heail to whirh Ihe loolh rt'sl is faslenerl is firsi plueed on 
center, using a surface gagtv and then is loweied ii ilist.ini e (miuiiI to j. as shown 
in Fig. 57, in which x 3 in. x 7 deg x 0.0OK7 in. pec in. per deg -- 0.1827 in. 



Fig. 58. A Setup on the Norton Universal Tool and Cutter Grinder fur Grinding 
the Side T^aiid of a Side Milling GutUjr. 

A iiniverHiil vini' or uttnrhiiipiit. which .swivcLs in ii linrizcnitnl mill vertical phini' is useil to holil the 
iniiiii:ln‘l on wliicli tlip cutter is forced. The l•uttl•r i.s tilted on the I'crtical scule tu (sive ii sitic relief uf 
^'ipiu'nxiiniitely 4 rlt-K, and swiveled on Llie hnriztintHl scale froiri lit to 'a di‘K tn |»revenl tin* itroK iif a 
siile-niittiiiK eil|re, a-s ilhi.^trated in l'i* 5 . 4:i. A HuriiiK-cuii Kriiidini; wheel 4 in. iliam. hy 1>4 in. deep, 
Norton 384GJ, with a vitrified bond, its used. 


In grinding the land, the general practice is to rotate the grinding 
wheel toward the cutting edge, as indicated by the arrow in Fig. 56. 
No burrs are left on the cutting edge by this practice. The cutter 
must be held against the tool rest by hand to overrnme the tendency 
of the wheel to rotate the cutter away from the tooth rest. 

The land on the side of the tooth of a side-nhlling cutter is being 
ground by a cup wheel on the tool- and cutter-grinding machine in 
l^ig. 58. The cutter is held on a mandrel which, in turn, is clainjied 
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in a combination attachment which permits swiveling the cutter in 
both the horizontal and vertical planes. 

A setup for grinding the radial face of a formed cutter for fluting 
reamers is shown in Fig. 59. A thin dish-shaped grinding wheel is 
being used in order to reach the bottom of the chip space without inter¬ 
ference. The face of each tooth is ground by passing the cutter with a 
steady motion past the wheel, using the hand traverse. After making 
light contact between the wlieel and the face of the tooth, a first and 



Fig. 5!). n, Fiirmi*il Ciiitnr for Flutini;; Taps anil lli*ainBrs nn a Norton 

IJnivcrsiil Tool ami Cnltcr (iiiiiding Machine. 

Till! Rultcr is iiiDiinteil im u iniiiiLln.'l lu?lil in u cuiiibination iitturliiiimii ur iiiiiviirMui chviRk.. A Norton 
IlSniU vitrilii!ii, illsIi-iiliupL'd KiiiiilinK w1il*i;1 G in. iliaia., ,' 2 in. think, anil of in. bore is iisiiil. The 
tiKitli mat linurN iifriiin.it II 11 ! Imrk of tlir tootli ln;inc Krouiiil. Thi* \vhi;L!l faun is first locatnil over thp, 
RMitrr of the visi' 1'. After inserting the manrJrel on whir;|i the cutter i.s moiiiitnrl, the nutter is rotuted 
until the radial fane is in non tart with thp wheel fiice. While in this position, the tooth nist is placiid 
and fustnnpil, A illaiiiuiid iiih for truinK the w^heel i.s in position in the attanhinnnt in front of the 
left ed^e of the wheel. 


second grind on all teeth around the cutler is made without moving the 
cross-feed, as this would change the radial line of the rutter face. If 
a heavier cut is iieerled, tlie cutter is rotated forward by slightly 
advancing the tooth rest. 

Universal heads with graduated dials are used to secure proper angles 
for grinding inilling-cutter teeth, as shown in Fig. 60. 

The grinding wheel for the grinding of milling cutters must be free 
cutting so as not to *’ burn ” the cutting edge. For the same reason, 
the cut must be light and never forced. Cutter grinding usually is done 
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ilry because nf the inconvenience of the euoJant. If tlie wheel is too 
soft, it wears rapirlly and there is dilTieulLy in keeping the cutter in a 
true cylindrical form nr securing a sharp cutting edge. 

For cutter grinding, wiieels of aluininuin oxide grain 46-60 are best 
suited for both high speed and carbon sleels. Finer wheels are more 
likely to burn the work. Wheels most commonly furnished for grind¬ 
ing solid plain milling cutters arc the A46 BJ vitrified, although A60 
K5BE vitrified is satisfactory, especially in dish shapes. A keen edge 



Fio. (iO. Grinrliiifr tlu* RL*li(!f and Coninr Hrvnl nii thi' Inseiiiul Ili^li SpiMjd Stiicl 
Teeth uf a 2()-iii.-iUaiii. I'an* Mill, l.siiijt a Straif^lit (hip Wheel. 

Till' tiiiith rPHl is Dll thr Idwim- Niili* uf tin* tunth. Tlii* riMitrr kiik<’ f>y wliirli tin* tiitit.li ia stit 
fUMitml with liip wlu5i!l riiiititr i« mIidwii on tliu \vlii;i;l linsnl. Tin* NtiiiuiMi'il ('iiifiiiiititi lii;;iil fur lanru 
fai l' iiiillH for iMip-whfi'l KriiiiliiiK is bi'intt usi'il. This luis tlin-i- Kriiilu:iti-il sriilcs, mu* linriKDiitully 
iiuar till? u semiiul iiii mi iiifliiif llIiovi; IIil- bnsr. mill tin* tliiiil uii flit; ftMwsinl itiitl iif tin* spindlii 

liiuisiim behind the niititr. The lieiiil is id i?:ist itliiiiiiiiiiiii iind the lieuil spiiiille is mmiiiteil tin Tiiiikeii 
roller beuriniis. A ('nrbiiriiiicluni ('u. stniijjht nip wheel is heiiiK used, o in. diuiii., 1 in. w'ide, in. 
hole, of Aluxite grain 401, grade (>, bond No. 


is obtained by continuing with a light rut with a C320J8L shellac 
wheel. Form cutters often are ground wilh a dish wheel, usually A60 
BJ or BK, vitrified. Norton wheels most comnioiily furnished for 
inserted-tooth milling cutters of high sjieed steel are the A46 grade 
J or K vitrified. Sometimes a coarser and softer wheel, such as A36 
BI, is best. Tlie cutting peripheral sjieed of these wheels should be 
between 4,(K)0 and 5,000 fpm. (Sec Norton Co., Grits and Grinds, 
March, 1949.) 

In grinding tools made of sintered carbide, diamond wheels are used, 
as suggested in Chap. V- 
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QUESTIONS 

1 . Di.^1 ingiiifsh bntwcen a plain anil a iiiiiviasal milling inanliine. 

2. In wlial way i.s millinf; Piipprior to planing or shajiing? 

3. DiiHcrilii* how a milling machine may bn iLsed on tool work where a drill 
press was formerly used. 

4. Name the various iypi*s of milling machines. 

5. Two milling jolis an* sel up similar in all respects except in number of leeLh 
in the culler. What difiference in power wall be ob.servi'd? Explain. 

6. Desn ibe I hi; Ihree syslems usimI in milling-machine inilexing. 

7. Di'scribe llii' milling of the (o)is of automobile I'vliniler blocks. 

B. A vr'i'lical univr>rsal milling altachmeiit is usimI in culling a worm. If the 
pitch diameter is 3.5 in. and thr‘ lisiil is 0.5 in., find the angle at whicli the vertical 
head or cutter must be set. 

9. A diviiling hi^ad has 40 teidh in the worm wheel. Determine the sidup for 
indexing 65 rlivisions if R -- 40 and the 30-hole cii'cle is used. 

10. If a dividing head has 40 teidh in the worm wheel, determine the setii]) to 
index 370 ilivisions. Circli' 20 and ri'gular Brown and 8harpe change gears are 
provided. 

11. A side milling cutter makes 00 rpm, is 6 in. diam., has 28 teeth, and feeds 
2 in. per min when cut l ing !i slot 1 in. di'cp. Find the feed yjer revohilioii and 
per toolh. 

12. The leafl screw of a milling-machine table has 4 threads iier in. A helical 
gear (5 in. PD) is to be cut. Tin* angle of helix is 0 deg 5C min. Find the ralio 
of geaiing between the di\ iding head spindle and table screw. 

13. In milling the outside edge of an aluminum tub on a No. 2B Milwaukee 
miller, a s|iei’d of 700 rpm and a feed of 45 in. per min are used. .A plain high 
speed sliM’l milling culler 3VL' in. diam. by 1 in. bore by iVi in. face, having 16 
teeth, is used. The I'nl is Vi in. di’ep and ’^c, in. wide. Find llie surface culling 
speed, till? feed jier tooth in inches, and the cubic inches of metal removed per 
minute. 

14. Cylinder blocks are being faced on a Sellers ydaner-type miller. The facing 
culler, 12 in. diam., has 54 teeth of high spi*ed steel, a cutting speed of 70 fpm, a 
ileplh of cut of % in., and a feed of 12 in. jii'r min. What is the feed per tooth? 
AA’hat is the feed in thousandths of an inch jn'r sjiindli* ri'volulinn? 

15. lleferring to Table 4, determine the horsepower per cubic inch of metal 
cut per minute when cutting with a sulphurized mineral oil. No. 10, tlie SAE 1020 
steel on the out-cut, when thi* width of cutter is Vi* in., the depth of cut Vi in., and 
the feed per tooth 0.012 in. The side cutler list'd has a 15-deg rake angle. Deter¬ 
mine the horsepower per cubii- inch of metal cut per minute if the feed per tooth 
is reduced to 0.004 in., other conditions ri'iuaining the same. 

16. Find the number of speeds of a inilliiig machine if the range of speeds is 
15-1,500 rpm, the speeds are in geometric progression, with a ratio of 1.104. Deter¬ 
mine all speeds. 

17. Name and dehne the five methods of manufacturing as regards milling 
fixtures. 

IB. Explain the relation between hpg, hp (motor output), hp„, hpc, and unit 
Apr. 

19. From Table 6 give the complete cutting conditions for unit values of 0.87 
and 0.43. What accounts for the difference in these values of unit Ape? 
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CHAPTER IX 


SAWING 

DEFINITION 

Tho sawing nr parting of inoials is arcninplishcri commercially by 
using saws which consist of tliin disks of metal with cutting teeth on 
the periphery, or a strip of metal with teetli formerl on one edge. 
Usually tlie wirlth of the stri]i is slightly less tlian the outer side-edges 
of the teeth of the saw so as to eliminate binding between the cut sur¬ 
faces and till’ sides of the saw. This is aecoin])lished by “ setting ” 
the teeth alternately to the side, or by “ hollow griniling the blaile 
lielow the eiige of tlu’ eiilting teeth. Tlu‘ width of the groove cut by 
the saw iihide is I'alled the kerf. 

SAWING MACHINES 

Three types of metal-sawing machines are in common use: the hack 
saw, liand saw, and circular saw. 

1. The hack-sawing machine, Fig. 1. einjiloys a short, straight strip 
of steel or blade having teeth formed on one edge. The blade, mounted 
in a frame under a tensile load, is reciiirocated back and forth over the 
work. It is forced against the work on the cutting stroke, but lifted 
on the return stroke to prevent the dragging of the cutting teeth over 
the work. 

2. The band-sawing machine employs a long endless strip of steel 
with teeth formed on one edge carried over two large-diameter rotat¬ 
ing wheels, Fig. 5. 

3. The circular-sawing machine employs saws of the disk type, 
Figs. 10 and 11. Tliesc saws are divided into two groups — the cold¬ 
sawing machine and the high-speed friction or abrasive disk machine. 

The Hack-Saw Machine 

Tlie power hack-saw machine in its simplest form provides a means 
for clamping the work to be cut and a means for reciprocating, by 
mechanical power, a frame carrying a hack saw. The saw hears down 
on the work during the cutting stroke but i.s raised to clear the work 
during the non cutting stroke. 

To furnish a feeding i)ressure on the cutter, the saw is usually 
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mounted above the work to be out. In the simple gravity-feed ma¬ 
chine, the weight of the saw-frame guide or head furnishes the pres¬ 
sure of the saw into the work. Tlie feeding pressure is constant, and 
the frame and head are allowed to be fed downward against the work 
by a pair of dogs alternately engaging a fine-tooth ratchet. This ])er- 
inits the saw frame and head to be lowered only a given distance for 
each stroke of the saw. 



CourUsy Ifaeine Mfu^hins Tool Co. 


1. The liacine “Dry Cut ” Uliliiy Ihink-Saw Maehiiie. 

TIiLs n;|)n^(3iits a .siiiiplr type; iif hark .saw Inr i;nni‘rMl run df small-.sliDp maintr‘iiuiii;p. anil liiharutory 
wiirk. It. ha*' a fi in. X li in. [■•apanity and u.sn.s hl!iile.s 11 in. Umn liy I H in. widi* with fmir or wix 
tiM'tli rmuinriiRnrlRrl fur think wnrk. 'I'hi* .strukn i.s Ji in. hinir willi 7U and 1 ()() ntruki^s pnr rnin iivailablR. 
A ‘■i-lip miitiir of 1,201) rpin i.s iisod. A .simple pi.siun pump .siipplin.s nil under pri!.s.suie to a main feed 
cylinder. The rate of fiM^lin;; the saw into tin? work i.s nnntrolled by a Kradiiated dial ufierutiiig b 
H inall throttling valve. 


Adilitioniil sliding weights may be clainperl on llie back of the saw- 
frame head to obtain variable feeding ])ressures on the blade for cut¬ 
ting different classes of work. The feeding jiressure on the cutter is 
of great importance from a iiroduetion standjioint. 

The small saw of Fig. 1 is a motor-driven hyilraiilic feed maehine 
having two speeds, the slower for tlie hariler metal. This is for dry 
cutting and for use in small laboratories or shops for miscellaneous 
work. 

The power hack-saw machine, Fig. 2, employs an adjustable spring- 
tension feed pressure tf) augment the weight of the frame and head. 
Two sets of dogs or ratchet fingers engage a hardened-steel ratchet 
fastened to the head. A coiled spring causes the dugs to force the 
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raek and saw duwn at each stnikc, altlinuftli an arrangement is pro- 
vifled to i)ennit one set of dogs to be in mesh with the rack while the 
other set is transferred to the next iiotcli wlien the saw is raised on 
the noneutting stroke. In this tyjie of machine a blade will last from 



Caurtusy /'eerlesa Machinp. Co. 


Fin. 2. TliR P[>(m1«ss lliKh-SpRRd Slaiiiianl-Typi^ MetaUSavviiiK MaRhini? with 

Hprin^ Prnssui-R FimmI. 

This miiiihinp liiif* a H-in. slrukp, in two nf fl-in. X 9-in. unrt 13-in. X IB-in. capacity, tt lins a 
iniilti|ilu V-bc'lt drivp rriiiii iiinttir tu ilriM-n jslu-avn. wliii li tlipii ilrivps thniiiKli a fully encln.^pd three- 
Hpi'ivJ Kuarbox. 'I'lip .spriiiK fi’PiJ iinwHiin- is iinrreaseil by raisiiiK tin* fi*iMl-c-iiiilrol Itver on ri?ar side to 
Kivp a load fniin f) to 225 Ih. When the saw reaches the buttuiii uf its traverMe, deierinined by the 
IMisitiuii of the lower aafie sto|». the startiiiK lever buck of the urank is shifted, trippinK the limit switch 
and stoppina tlie drive motor and luachinc while the be ul is autoiimtii-ally raiswl to its upper positiun. 
After clamping the work in tho vi.se, the marhiue is slarictl by luovinK the control lever to starting 
positiuTi. The single starling lever controls the motor and oiigagi^ and disengages the feed unit. 


6 to 8 hr when sawing iiiihl steel at a rate of 60-90 ?q in. per hr. If 
hard spots are oncounterLMl, or if the blade grows dull, the pressure 
remains the same but the rate of feed is reduced to compensate for 
the changed conditions. If the saw grows dull, the feeding pressure 
should be increased by raising the feed-control lever to keep the 
cutting time nearly constant. W'lih the saw hlade at its highest point 
when the machine starts after being loaded, it will not drop to the 
work and break the blade, as the automatic feed carries it down at 
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a fixed rapid rate until the work is reached, when the selected feed 
autoiiiatically commences. Two sets of coil springs are arranged on 
levers to balance the weight of the head about its supporting axis. 



Fin. 3. A No. OA (C'aparity 0 in. X 0 in.) Marvi-1 lligh-Spncil Production 

TTai-k Saw. 

l‘^i|iii|)|iRi| with hall liRarincH aiirJ 1 ' 2 -hp flirnnt iiintor rlrivn thmimh jt fmir-MpfL'il tranHiiuBHiun 
box 1)1 14!) ffi)r mild steel). 120 (fur free-cuttinR alloy steel), H2 (for annealed .slfol and tmiKh alloys), 
Old 7.') (fur aiiiii-uliMl liiah siMM-d stiM!l and hard steels) stroke-s per min. A lower speed serins may be 
obtained fur sperial piirpuse-s. 

This iiiai'hine is ei|iiip|ieil with full .aultiiinitii' bar feed so tliat. fur i;xaniph’, a 2()-ft bar of 3-in. 
round S.M'] 1D4.') steel can he cut iiitu 30 duplieate-Inncth pieeiw each M in. Ioiik in fiO min after the 
o|)erHlur sets u)i the job and luads tlie hur into the machine, which retiuirns about !i min. No further 
attention is needed, as the machine autumaticaily stop.s when the bar i.s cut. The blade cuts on the 
draw stroke and is lifted ‘ jj in. on the return stroke. A rpiick return motion of the saw savra approxi¬ 
mately one-third of the total cuttinn; time. 


In the hack-sawing machine, Fig. 3, the head carrying the saw blade 
is always hnriznntal nr parallel with the bottom of the vise, so that 
the saw blade is horizontal through the entire vertical traverse. The 
saw frame is fed downward by means of a lead screw with a combina¬ 
tion positive and friction dual-power feed that can be used either in- 
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dcpondcntly nr simultannnusly in conibinatinn. The positive feed is 
safe but is ordinarily cut out, when overloads occur, by tlie slipping; of a 
friction disk between a ratchet and the screw. Convenient liand feed 
also is provifled. This machine is ef|uij)pcd with a fi)ur-speed trans¬ 
mission box so that speeds suitable for various materials can be ub- 



Courteay /‘eerlvita Machine. Vn. 

Fig. 4. The Peerless llyilra-Cut Hydraulie Uiiek-Sawing Msiehiiie for Fiist: Pro- 

(luetiiiii Work. 

tained instantly. Tt will feed automatically and cut up lonp: bars into 
duplicate-length short jiieces without the attention of an operator, or 
it can be used as a plain machine for miscellaneous work simply by 
dropping off the belt of the bar-feed mechanism on the left side of the 
machine. 

The Racine Shear Cut hack-saw machine is ])rovided with a positive 
progressive screw feed which, when once set at the jiroper feed for 
any size or kiml of metal, will continue to make each successive cut 
in exactly the same length of time. Production is, therefore, jiositive 
and is nnt subject to uncertain pressures of gravity, spring tension, nr 
friction feeds. The cut can be fixed at 0.001-0.025 in. per stroke, and 
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tliriH' chan^io si)(H‘(Is, fjiviriii 60, 90, and 135 stroki's piT min, aro 
in-nvidi'd. 

Tlic Ptrrlrss Hydra-Ciil hydraulir-fpod hark V'v^. 4, is made in 
llirrc' raparitic's tu take work 7 in. X 7 in., 11 in. X 11 in., and 14 in. X 

14 ill. Each machine has throe spocals frnin a 2- or 3-hp motor of 50, 
85, and 125 fnr the largor maohinos and 60, 100, and 140 strokes per 
niinule for the 7-in. marhine slmwn. The length of tlie stroke is 6 in. 
Tlie small maehine uses blades 14-17 in. in length. The saw blade is 
baeked by a lii'avy steel plate to prevent deflection of the blade. The 
saw anil its frame are fed into the work by hydraulic cylinders at 
each end of the frame. A is the driving motor; B the four-sided saw 
frame and back plate; (' the arch and dual cylinders frame; 1) the 
work clamping vis(' and screw; K the feed pressure control; F tin* 
hydraulic-feed unit hoiiserl in base. The blade is fed into the work 
by means of an oil iiressure built up on a piston in a cylinder by an oil 
motor. This oil motor regulates the speed with which tlie head ap- 
proaches the work (rajiid traverse), as well as the cutting pressure, 
'riie oil-motor iiumj) also can be used for holding the head in its 
iipiiermost jiosition when changing the work in the vise. 

A 9-in.-diMni. mihl steel liar can be cut througii in 13-20 min. A 
6-in. jjipe with yi>-in. walls can be cut in 1V1» min. Only coarse-tooth 
lilades having 4 or 6 teeth per in. should be used. 

Saw and Filing Machines 

Small saws are often used on machines for die work. Machines of 
this cliaiacter may be of the liench tyjie, or the floor type illustrated in 
Fig. 5. These machines usually are rather universal in their ajiplica- 
tion, and the small saws are often interchangealde with files. The file 

15 supiiorted in the lower heail and extends through an opening in the 
table. The table may be tilterl to any desireil angle so that the clear¬ 
ance surface on tlies or tlie edges of sheet metal, etc., can be filed 
according to size and shape. The work may he fed slowly and uni¬ 
formly into the saw by a hand-ofierated screw. 

Band-Sawing Machines 

Band-sawing machines arc designed for a wide variety of work, and 
range from the small bench type, using a Vi-in.-wide blade, to heavy- 
work machines designed to cut solid material up to 12 in. sq. These 
various machines retiuire the use of certain widths of band-saw blades. 

A light-duty band saw for wood and metal is showm in Fig. 6. 
The long, endless band-saw blade passes oA’er the periphery of two large 
wheels arranged in the same plane but some distance apart. The table, 
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on wiiirh the work to be cut is supported, is located between the two 
wheels about the saw as it passes downward from the upper wheel. 
These tables usually may be tilted to any convenient angle from the 
horizontal. This machine is made as model 12 with one high speed for 




CourtKHj/ Cnchranp-Bly Co. 

Fin. 5. A FiliiiK and HawiiiR (Iiisprt) Maidiine for Dii* Work a,iid Small Parts. 

This No. 2-11 iiiiii'hiiii' i.s urraiiKutil tii iisr filrs Kuviiinrtinl at tlin iipppv end. standard B-in. hack-saw 
blades, or piccoa of narrow band saws Biipportcd at both piids, to machine wiirk up to 4 in. thick, rilos 
of a variety of ahapes siii-h as round, si|uarr, flat, .l-si|iiuri!, knife, are used. I'lie iiiisiliun of the saw 
or file ill the work is adjustable. Four speeils fruiii 00 tu 420 strukes per min, and autoiiiatii; relief 
fur saw or file on the ri’liirii stroke, are provided. 

cutting wood; as model 13 with a high and a low speed for cutting all 
material including liard metals and steel up to 3 in. in thickness; and 
as model 14 with a liigh and a low speed and with a sliding table, swivel 
vise, and gravity feed for cutting all materials. Each model also is 
made with provision for handling long lengths such as cutting off long 
bars or for slitting long sections. In some machines, instead of swivel¬ 
ing the table, the column and blade arc tilted. Also, instead of feeding 
the work on the table into the saw, the column and saw are fed into 
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the work. Feeding may be done by hand or conveniently adjusted to 
any mechanical rate. Band saws are used with hand, power, or gravity 
feed. 

A well-designed band saw is illustrated in Fig. 7 at the left. At the 
riglit is shown a close-up of the band-saw welding device. With such 
saws a i)ortion may be removed from the center of a plate by cutting 
the saw, passing it through a drilled or punched hole, and rewelding 
the saw for the sawing operation. 



Fig. 6. The Raeiiie Duplex Banil Saw fur Jieiieh Mounting. 

A eeiiural-pnrpuHt* inanljine fnr riitliiiu metals, r.Miiipri.sitiiiii iimli;riiilN, and wond. A J^-hp motor 
drivL'H the baud aaw at a liiuh spued uf 1,800 fpiii for cutting wood, fibs^r, llakiditu, alum in mu, braMH, 
»:uid other soft metals, or at a low spued of 80 22."i fpm for uutlery, hard metals, and stcul up tn 3 in. 
in thiukiii‘s.s. These iiiardiiiies an* partieularly adapted to eiittiii)! thin stuck, tubing, light angira, 
etc. A gravity-fiMjd vise is mounted on the table. 


The DoAll Contour-inatic, introduced for manufacturing, provides 
a stepless sjieed range from 40 to 10,000 fpm for all industrial materials. 
It uses a wide variety of bands including filing bands and polishing 
bands. Some bands are abrasive tipped and others sintered-carbide 
tipped for appropriate work. The machine is operated hydraulically. 

Band saws may be used for cutting long bars, tubes, or gates off 
brass, bronze, and copiier castings, in which case hand feeds are 
often used because of the difficulty in clamping the parts of irregular 
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CouitP'<]f Glub Br\tlhtiH. 


Fifj. 7. The (ri'ob NS-18-10 Biiiiil Sa\^. 

Till' iiiiii'hini' ut the Irff ih HiiuiijpMd ^ith a fiA |iu11l'\ and baiVt-irrar s|ii'imJ Jri\ l saw wiIdiiiE 

mill anil |Jii*ih liiittim riiiitnil 

Till' I lii'ii>-ii|i Mew at till* iiKlit *^liiius the lut-ulT tuul fur siiiiannK the hlaili the eliitrii butt weliler 
for weliliiia ami iiiiiii iiIiiik the blade, and an abia*nM' whetl fur leiuiiMiifs the flash sii tht saw will piiss 
thriiiiKh the slutted kuKI' at tin left 


bliiipr. Tlu'v Clin cut (hut chiiiidI be rciichcMt cniivcnicntly with 

R circular nr hack ^a^^. Dllcii surfacts arc lett Mnnnth i*nniip,h sn lliat 
further Muuntiuiii' uperalinii'' are iinnece.^sary. 

Haiiil *sa^^'' are nut nnly lalinr savini; a^ In time of ciittiiif^, l)ut tliey 
also are economical, especially nhen the material cut is of hifth cost, 
such as stainle.'s^ ami annealed tool ^teel, by reason ot the Miiall kerl 
or waste due to the thinness })ermitteil in the saws. Two typical band¬ 
saw jobs are shown in Fi^s. 8 ami 9. 

Sawing Machines Employing Disk Saws 

Cold saws: A metal-cutting machine in which a disk saw similar 
to a thin milling cutter is used to rut oil large jiieces of solid stock is 
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illustrated in Fig. 10. This is a precision machine tool embodying the 
latest j)rinciph‘s of design. It is used extensh'ely where large rpian- 
lities of pins and shafts are rut. The multii)le rutting illustrated, in 
wliich a 60-deg \’ yoke is used to hohi the work, increases iiruduction 
many times over that of the single cut and greatly reduces the cost. A 



Cnurteny Tanncu'itz Works. 


Vourissy Vroh Bfoihsrs. 


Fia. 8. Tilt; Taiiiicwitz Type GlI 3()- 
in. lligh-Specd lianil Saw, Shown Set 
Up for SawiiiK IG-Gage ShKRt,-Mntal 
Paris for a Furiiaiu* Damper. 

’riii.“ i.“ riciiii' .'it 1,200 rpiii, nr uppruxiinatply 
Ci.OtK) fpin, uiiiph is fript.iim sawing spctiil. 
SLupI us tliirk as la iw- niHy be haiiilled. The 
btviul-suw lilaile is in. in witllli, tif all spring 
ieiiiperiMl stsel with in. {4 in. tiiutli spueiiiK. 
well set. 


Fig. 9. A Siirlioii of a Tuln* is lining 
Rnmuvnd on a iiand Saw. 

The wiirk is held in a visi* ubovu the table. 
The-^niw is.suppnrl im1 by llie iippiT guide just 
above the work, and the lower guide is brought 
froiii beneath the table surfaiJe tu just below 
the work. 


90-ileg includeil angle V block is supplied in whicli round, square, or 
rectangular stock may be clamped while being cut. Sjieeial tyiies of 
blocks or clamps are useil to meet the requirements of shaped structural 
steel so as to ludd the work closely together and at the same time close 
to the saw, so that a minimum length of feeding stroke i.s reijuired in 
making the cut. 

Friction disk saws: In the metal-cutting saw employing friction 
disk, Fig. 11, cutting s|)eeds from 16,000 to 22,000 fpm are used, 
l.arge sections are cut in two in but a few seconds by forcing the saw 
with a plain or notched perijihery into the work by a hand lever, foot 
pedal, or power feed. 

This is a sinall-sizc machine designed to meet the wide need for 
efficient cutting off of smaller unhardened structural shapes, tubes, and 
bars. Water cooling the saw is recommended for all classes of work. 
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An 8-in. I beam may be cut off in this machine in about 15 sec but on 
the larger machines in about 5 sec. Some of the larger machines are 
equipped with a rotating attachment fur cutting large rounds and 
squares. The stock is rotated on its axis parallel to that of the blade 
at a speed of about 3 or 4 rpin. This prevents the blade from coming 
into contact with any large area of metal at one time and thereby 



Cn\iri?,sy Cnrhrtine-Bly Co. 


FiO. 10. Tlio Colily Ni). 55 Mctal-Sawing Mai;hiiic. 

TliL' inanhine in urruiiKcil fur nuttiiiK u bundle of ruund bars. It i.s eiiiiipiiecJ with a motor 

drivinK tliruujitli iiiiilti|ile V bellN, and a iiuiek-uctini; euinpuuiid toggle Rluinp fur elaiiiping the burs in 
the QO-deg fixture fur iiiiiltiplc (putting. Four Hfieed [:hangl^s of the saw firiividing speeds of 42, 00. 
70, and UO fpin are available, and IG feed ehnnge.s varying from to ID in. per min arc provided. 
The machine carries a 24-in.-diuin. saw blade with .'i4 iii.siTti'il teeth of high speed steel. . The plate is 
91 b in. thick and the kerf is % in. It will cut .stock 7 in. diiiiii.. O'^ in. sip, 10-in. I-beams, and 5-in. 
by ID-in. rectangular sections. Hy using the GO-deg lixtiire for multiple cutting, 76 }^-in.-diBm. bars, 
26 l-in.-diaiii. bana, 13 1 t^-iii.-diain. burs, S 2-in.-diaiii. bars, or 4 iS-in.-iiiaiii. bars can be cut at a time. 


reduces the load on the motor, produces a much cleaner cut, and 
increases the capacity of the saw about 200 per cent. 

Abrasive saws: The metal-friction saw may be rejilaced by and is 
interchangeable with a thin abrasive wheel operating at 10,000- 
16,000 fpin for cutting extremely hard materials, such as hardened 
tool steel, drill rod, and materials which arc very abrasive in character. 

SAWS 

Metal-cutting saws may be divided into four principal types: 
(1) hack saws, (2) band saws, (3) disk or circular saws, and (4) abra¬ 
sive disks (cold and friction). 



HACK-SAW BLADES 


257 


Hack-Saw Blades 

Hack-saw blades are usually made up of thin strips of steel with 
teeth milled on fine i‘dj 2 :e by Rans cutters. These blades are compara¬ 
tively short, usually with a hole in each end by which they are attached 
to the frame. The blades are held under tension while they are being 



Courtesy Hunter Saw and Machine Co. 


Fifi. 11. Thi; No. li lluntor Iligh-SpiMMl McLiil Ciii-off Saw. 

THb IH-in.-diuiii. ' saw i.s ririvim at 3,1)00 rpiii (18,500 fpin) by ii 5-li|i inutDr thrmiieh 

iiiiilliplc V hclt-s. A HBparati; ' jj-hp iiiotur drivus Hit* iMJulant A hiiiiil lnvBr riinkH tliL* Hwiiig 

friiiiiu whirli fijpdiS thir .saw thniiigli tlir wurk. An arljustabli" Htojj is priiviiliMl su tbi* saw will jii.st 
nliiar tlie inatiirlal bidiig cut. Aliter as whII a.s straight ruts ran br; iiiailr. A lb-in.-diain. abraiiivc 
vivliEfcl in. thick is iiitcrrhuiigcablc with the stud saw, and ruts solids up tu 2 in. diain. 

fed into the work. Thv teeth of a hack-saw Idade are arranged for 
cutting in one directitin. When the blatle i.s held in a hand hack-saw 
frame, such as that illustrated in P'ig. 12, the teeth point away from 
the operator so that the cutting is dmie on the forward stroke. In 
machine cutting, tlie teeth usually point toward the machine and the 
cutting is done on the pull stroke. 

Most blades have teeth with no rake. Some have positive rake and 
some negative rake. The tooth with rake has a tendency to “ hog in 
whenever it comes in contact with thin edges or walls of work having 
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iin iiciiti' an^l(‘. Bliulcs liiivinfj; lU'i^fitivr rakt* inoro prc.ssun* in 

flitting, blit lu’f nften innrf sjitisfiiftnry for rutting jiiirts having thin 
wall;^ anri, in grnrnii, foi' work Unit pic.srnlf!!; litth* rf.si.sliinfc tu the 
jireHHuro of tlie teeth. 

Steel for hack-saw blades: Hack-saw bhules are made of carbon 
tool steel, seniiliigh siieed steel, and high speetl steel. 

IJj) to the last few years, the seinihigh .‘^])eefl steel blades have been 
most generally useil. "riiey are nnule in the all-hard blaile nr the hard- 
teeth and soft-back blade. As soon as the teeth of the lalti*r are worn 



FifJ. 12. Tin* Starrrtl Miiinl Ilark-Siiw Knuiie \o. 101). 

Ailjiistalili^ liy piiwl tu iiikc 8-iii.- in 22-iii.-liMif:ili nuws. TIip bliiilc iiiilpxps !U) r1n|; in rut in any niiR 
nf fijur iliri'RiiufiM. I'nr K>'»<!ral i(ll-rniiiiil wnrk, miiwk with 18 t^nili pL^r in(;h arn riMtnininundiMl ior 
hunt] lrtiiiii\*i. 


out, the ))hide is re|)larefl by a new one. Blade lireakage is reduced, 
however. High speed steel blades, during the past few years, have 
replaced the seinihigh speed steel blades, inasnmch as they are able to 
stand a greater speed uruler a heavy feeding iiressure. They will cut 
five to ten times more than, and almost twice as fast as, the tungsten- 
steel blades. 

The set of a saw: In order to make the kerf or slot cut wider than 
the thickness of the saw blade, the teeth of the saw are set. A common 
way of setting teelh is to bend one tooth slighth^ to the right, and the 
next slightly to the left. These are known as regular alternate teeth. 
In some fine-tooUi saws, every pair of teeth is set alternately right and 
left, protiucing a stjde known as double alternate. Another standard 
method is to have one tooth straight, the next bent to the left, the next 
bent to the rigid, and the next one straight, etc. This style of setting 
is known as alternate and center. The wavy set blade has the indi¬ 
vidual teeth alternately offset slightly, and then tlie edge of the blade 
is crimped right and left, there being three or four crimps to the inch. 
This type of saw, with very fine teeth, made for hand and power 
hack saws and for band saws, is used almost exclusively for cutting thin 
sheets and tubes. 
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Number of teeth: In metal cutting with modern hard-edge saw 
blades, it is important that the proper number of teeth per inch be used 
for different kinds and shapes of metal. When thin stock is to be cut, 
a number of teeth per inch should be selected so that at least one tooth 
always is riding on the surface. If the thickness of the stock is less 
than the pitch of the saw teeth, two teeth will straddle the edge, 
causing an excessively heavy load to be borne by om* tooth, resulting 
in breaking out the looLli or even breaking the blade. A fine-pitch 
saw should be used when cutting thin sheets or tubes. 

If the material being cut is thick so that several teeth will be cutting 
simultaneously, a coarse-jiitch blade should he useil to i)rovide amj)le 
chip space between tlie teeth for the long clii|) being removed. C'oarse 
*teeth should be userl on soft metals, the length of cut being constant. 
Fine-i)itch teeth cutting thick stock become clogged with ciiips and 
eithei’ do not cut or b(‘coine overheated. Incorrect and correct sawing 
conditions, which involve the number of teeth ami the tliickness or 
hardness of the stock cut, are illustrated in Fig. 13. 

Hand hack-saw blades of seinihigh speed steel are made in lengtlis of 
8, 10, and 12 in. and 0.025 in. thick with 14, 18, 24, or 32 teeth j)(‘r in. 
The high speed stc'cl blarles for hand frames are made in If)- and 12-in. 
lengths. Each saw blade is designated by its length, width, thickness, 
ami numl)er of teeth. Each length usually has a regular number of 
neeth per inch, a medium number, a fine number, and a tubing or extra- 
fine number. 

Hack-saw bhules for power hack-saw machines also are matle of 
semihigh sliced steel and high speed steel from 12 to 24 in. long, and 
0.025 in. to 0.065 in. thick, with 4, 6, 8, 10, 12, 14, or 18 teeth per in. 
High speed steel blades are gaining rapidly in use and are recom¬ 
mended for all production work. 

The regular teeth are recominentlcd for cutting soft steel, cast iron, 
and bronze. The medium teeth are recoinmeiided for cutting annealed 
Jhgh-carbon and high speed steel. Fine teeth are recommended for 
rutting solid biass, iron pijie, heavy tubing, etc. Tuliing teeth, some¬ 
times made with a wavy set, are recoinmeniled for cutting thin tubing 
and thin sheet metals. Current practice in modern machines is to use 
coarse teeth as much as possible, even for cutting small stock or thin 
tubes. 

In specifying a hack-saw blade, it is essential to state the length, 
width, thickness, and number of teeth jier inch. The material to be 
cut, the material of which the saw is marie, and the use— whether in a 
hand frame nr light-, medium-, or heavy-duty power machine — are 
determining factors. 
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Cutting speeds and feeding pressure: Gonrral reroininondMtions 
for cutting speeds fur siTiiiliigh speed steel blatles in i)uwer hack-saw 
machines are as fnllnws: 

All mild steels and soft metals shnuld he cut at the normal high speed 
of the macliine, which is 125-135 strokes i)er min. 
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Annealed tnol steel or other liip;h-cMrhon nr flense alloy steels, and 
cast iron, should bo cut at 75-90 strokes per min. 

Uiianncaled tool steel and lumeorrosive steel may have to be cut 
as low as 50-70 strokes per min. 

A copious flow of rutting fliiiil should be applied to the blade 
to keep it cool and to wasli away the (‘liips when cutting all metals. 
If higli speed steel bhules are used, praetieally all materials may be 
cut at the maximum sjieed of the saw or apiiroximately 135 strokes 
per min. 

After the eiilting sj)(‘ed has been detenninefl, the next question to be 
solvial is the amount of feed pressure to list'. This, of course, depends 
upon the tyi)e and size of saw blade*, the indiviilual machine, ami the 
, kind of material to be cut. A pj’essure should be maintained which 
will cause the saw to I’emove a maximum amount of metal per stroke 
and yet not bow, bend, or otherwise ilamage the saw. The saw itself 
should be subjected to a high strain or tension in its frame. A large 
sectioned saw well sii])j)orteii can, fd' course, be tensioned much higher 
than a light saw blade hehl in a light frame. It appears to be good 
jiractice in securing maximum sawing elliciency to incri'ase the feed 
jfressure as the saw dulls, thereby keeiung the cutting time per cut 
nearly constant and assuring a cutting rather than a rubbing action 
along tile 1)1 ade edge. 

The soft-back saw cannot stand the high feeiling ])ressures that the 
all-hard blaile will, and conse(|uently it dues nut cut as fast. Nidther 
is its life jirolongefl by light cutting, although it does resist breakage 
more elTectively. All-hard blades o])erate(l at higher pressures are, 
thi'refore, pn-ferred. It is better lo feed a saw with tf)o much pressure 
than too little, as the cutting time will be reduced. The saw should be 
removed as soon as the cutting time begins to increase rapidly. Too 
little pressure is not economical, as the cutting time is much greater and 
tlie blade life is not increased jirojiortionately. Maximum efficiency is 
^to be found in the saw that cuts quickest and lasts longest. 

The feed pressure naturally is depenrlent upon the kind and size of 
material being cut and the size and rigidity of the saw blade used. The 
feed pressure on gravity inacliines may run from 10 to 50 lb, with 
added weights, 100 Ih. In the sjiring-tension machines, 175 lb may be 
obtained. In the positive feed machines, the pressure may reach 
300 lb, which is desired for 6-in.-diani. stock. As the work diameter is 
increased to 9 in., the pressure should be reduced to 250 lb, and for 
12 in. diam. to 175 lb so as to allow for chip space. Smaller diameters 
require lower pressures because of the concentrated load. 
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Band Saws 

Jiaml siivvs may be inatle dF all-biiril steel strij) nr nf bardened t(‘etli 
with a flexible baek. The teeth ni‘ the flexible back are hai'ilened nnly 
to their base to insure them against eraeking or breaking while in 
operation. They need no filing but will cut until worn flull, when they 
can be rej)hiced at very .small cost nr rlisearded. The all-hard saw 
may be resharj)ened and reset a number nl‘ times before being discarded. 
These saws are imifle endless by welding the two entls of a long strip 
together. The teeth of all saws are set with the regular alternate teeth, 
one bent to the right and the next to the left, or with the alternate and 
center set in which one tooth is bent to the right, the second to the left, 
and the third straight in the center. The fine-tooth saws are set wavy. 
The set is to provide clearance on the side of tlit' saw blatle. The teeth 
are milled and vary from 8 to [^2 to the in. for narrow saws, to as few 
as 3 or 4 j)er in. for saws 1-1 Vi in- with*. Razor-erlge sharj)ness with 
scalloiK'd edg(‘ ha.s been found to bi* of more benefit than tooth setting 
when sawing jdastics having an abrasive filler and resiliiuit malerials. 

Aletal-cutting band saws are made in sizi's ranging from i; in. 
wide by 0.025 in. thick, liaving 32 teeth per in., for which the kerf is 
about 0.036 in., to saws 1 in. wide, 0.036 in. thick, having 8 teeth [ler in., 
arifl a kerf of about 0.059 in. 

In friction band sawing, a machine of the tyjic shown in Fig. 7 willi 
speeds ranging from 5,000 to 20,000 fjnn is very satisfactory in cutling 
metals up to '^-in. thickness, employing feeds of 15-20 in. per min. 
An ailvanlage of this saw is that, as the blaile becomes dull, the heat 
is gi'iierateil moi’e rajiidly and the feed can be increased. 

Band-saw speeds: The general jiractice shows that the harder the 
material to be cut the slower should be the speed of the blade in ft'ei 
j)er minute. The sjieed range for cutting metals with tungsten-steel 
saw blades should be somewhat as follows: 


.Aniicalcil stpcl aiiH irnn 

100 fpin 

icpil 1 -1 ^ j in. 

])(T min 

14 teeth 

Suit sUm‘1 

ITjO “ 

" 11:^-2 “ 

1 ( f( 

10 “ 

llaril briiiizp 

2r,o “ 

“ 2 

(f i( 

10-14 " 

Ib'a^is, fihi'r 

300 “ 

'* 2 -3 

ft If 

14 " 

Thin sIumMs, jiipc, lubes 

300 " 

Cl 2 ^ II 

If II 

18-24 " 


The heavier the section of metal being cut, the heavier the saw 
should be. 

The sjieed range for soft metals, however, is veiy great, depending 
upon the machine and saw used, and ranges from approximately 
1,000 fpm in brass foundries to 4,500 fpm and even more for cutting 
aluminum and magnesium castings, plastics, and wood. 
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Some performance data based on the Buttress or Skip-Tooth thread 
of coarse pitch, the standard pitch, and the spring-temper saws show 
tliat the coarse-tooth Buttress saw is the most economical. These 
values are shown in Table 1. 


Table 1. Comparative Bata for Three Different Hand Haws 
AVhen Sawing Steel* 



Typi; of Saw Tested 

Saw Dat ji 

SpiMjial 

C/nurse 
Pitch 

Stmidarfl 

Pitch 

S))ring 

Tempered 


3 teeth 

F) leeth 

4 teeth 

1. Saw pitch 

pi;r iiieh 

per ini'll 

per inch 

2. Average culling rati;, sq in./inin 

305 

240 

2(i0 

3. Tolal time to rut 4S,3(K) .sq in. 

2.0 hr 

3.37 hr 

3 .] Iir 

4. Inilialcosl (! 2 " band, L^'triong) 

$1.72 

$1.72 

$2.00 

5. Resharjiening and resetting 

None 

N one 

$2.80 

(4 resliarp) 

T). Latmr to remove, reidare, inljusl 

N one 

None 

(2 resi'l) 
$0.25 

(4 ehanges) 

7. Simp tiunJeii, 10^ of \o. ti 

.\ one 

N on(‘ 

$0.10 

S. I^rnduntive lal)or rosl at $1.00 hr 

$2.00 

$3.37 

$3.10 

^ 1 ). Shop Burden, 40'jf Ne. S 

$0.80 

$1.35 

11.24 

10. Total rost to cut IS,300 sq in. 
(not including overhead) 

$4.o2 

$r..d4 

$0.55 


* Cimrtiifly 11. J. Chaiiiberlaiid, The DuAll Co. 


Disk or Circular Saws 

Disk saws are of tluee general tyfics: 

1. CtiUl sMws, tliusi? wilh ii'ftli whirli rut al nnrmfil niliinp spcRils, likn :i mill- 
inK fiilliM'. 

^ 2. Aln-JisivR siiws, iiiin wIh'rIs nf t)miili'i] alinisivi's wliii'li ciil ;il siir'i'il. 

3. I'lii-iinn saws, iliisks of tliin stcrl wilh nr willioul h'Rlh wliii'h nii^lL tliR mehil 
by virUiR of vriv IiIkIi siirfMi-c sikmmI of llii> culler. 

Cold saws: The Siiiionds Saw and Steel Co. manufaetiire.s as a 
standard product metal-cutting saws from 2 V 2 to 60 in. diam., although 
special ones arc maile as large as 110 in. diam. Carbon steel, semi- 
high speed steel, ami high speed steel are useil in making solid saws. 
Saws up to 8 in. »liam. are often called metal-slitting saws, while those 
9 in. and over are called cold metal saws. Th(‘ larger saws for metal 
cutting often are jirovideil with inserted teeth or blailes of carlion, high 
speed steel, Fig. 17, or with blailes lipped with siiitereil tungsten 
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curhifle, Fig. 18. An insertprl-tooth saw will outlive a mimber of solid- 
tooth saws because the* teeth can be re|)Iaced readily when broken or 
worn out. The Sinmnils Saw and Steel C'o. reeoiiiiiieiids inserted blades 
of hi|i;h s|)eed steel instearl of solid hi»h s])i-ed sttad saws when the 
kerf is over %2 diameter over 16 in., or instead of solid 

carbon-steel saws over ^i^rf nr over 26 in. diain. For years, 

steel disks with diiimnnds irisertefl in the periphery liave been used for 
cutting hard minerals anrl metals. 

The thickness rd' imdal-cutting saws may vary from V:tii to V 2 in., 
depending on tlie size of the saw and the puijxjse for which it is to be 
used. 

Several types of teeth are userl on large circular saws. The teeth for 
wood saws usually have consideriilile rake and relief. Tlie tooth of 
the snliil disk saw must be offset so (liat a kerf or slot is cut wiiler than 
the thickness of the disk to prevent rubbing and l)iTnling. One tooth 
may be offset to one side and the nc‘xt tooth offstd to the other side, or 
the tooth may be swsiged, as shown in Fig. 18 as FF, in whicli the i)oint 
td' each toidh is s|)read an equal amount on both sides of the saw. The 
offset teeth may he given side rake which is desirable, ])articularly when 
cutting with tlie grain of lumber or in deep slots. 

Concave ground saws, or saws with widiaied inserted teidh, usually 
are employed for metal cutting. The tooth is wiiler at the to]i than 
the thickness of the disk. Teeth for metal cutting are shorter, have 
less rake ami h'ss relief, and are more rigidly supiioiled than tin* 
wood-saw teeth, in order to withstand the greater pri‘ssures en- 
countereil. 

Various shapes of teeth used on circular saws for metal are shown in 
Fig. 14. Tin* alternate beveled tooth (’ commonly is used on small 
metal-slitting saws and by a number of manufacturers of cohFsaw 
rnetal-cutoff machines on saws of 10-36 in. diain. Every other toolh 
is ground with a 45-deg bevel on each side to leave a small flat in the 
center on the periphery. The next tooth is plain. Tin* face of these 
teeth may be ground radially or with a 10- or 12-iIeg rake. The 
alternate beveling distributes the cut per tooth and lireaks uj) the 
chips. These teeth arc used princij)ally for cutting soft spongy metal, 
such as copper, brass, and bronze, and for deep sawing. The large 
fillet radius between tlie teeth prevents the chijis from clogging. The 
bevi'liiig at D and E leaves an overlapinng flat on the periphery, and 
also breaks up the chips and permits heavy feeds and thicker chips 
with less net power and friction. 

The Cochrane-Bly, the Higley, and the Knowlton sawing machines 
also use a saw, every other tooth of which is 0.012 in. high. These high 
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teeth are beveled on both sides while the short teeth are square. Alter¬ 
nate notches on square teeth arc one of the tooth forms used to break 
each chip into two parts, which allows contraction in the cut, thereby 


A 


B 







E 


Fig. 14. Various Shapes of Teeth Usetl on Circular Meial Saws. 

A. Hadiul tniitli fur miiihH, iini;-touth Matvii ]■*»» than iiitcli, fur ini^tiil slittinK or fur slottiiii; 

Screw lieu[1 m. 

B. Regular miiw teetli with a land fur finc-tuoth aawH. 

C. The alternate beveled tuutli fur uuttiiiK Muft Npimjur iiietul Much om cupper, brauM, and bronze. 

D. Alternate eide beveletl teeth. One tooth iu beveled on the ri^ht and the next un the left. 

E. The SiinundM patented teeth hoa one tuuth beveled un the riKlit, the next un the left, and the third 
beveled on both .sides. 



reducing friction between the chip and the sides of the wall. This also 
prevents the chips from clogging in the saw teeth. 

A coarse-tooth saw on soft and annealed steels cuts more freely than 
a fine-tooth saw because eacli tooth takes a larger chip. In using 
coarse teeth where possible, less friction is generateil, leaving the saw 
much cooler and allowing it to do more work between sharpenings. 
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('oarso tcftli arr strniigor than fint- ainl allnw iimrc rnniii in llic 

gullets for cliijis. 

The metal-slitting saws, Fig. 15, are iiiaile in sizes frnni 3 to 12 in. 
in fiiain. of Itigli speed steel for use in standard milling inaehines. 
They have a double eoncavc or dished side at the periphery of the 
.saw. The hub.s are a.s tliiek as the teeth ami thicker than the web. 
A flat bearing is obtained between tlie arb()r and eollars as shown in 



D C B A K 

CourtrHU (Todflmd and Goddard Co, 


Fill. 15. A Set of Mi'tiil-SliMiriK Saws. 

D is a BoarHii-LiifiMi liiKli-raki' iMiltt'sr with .sidivr.liip rli'iininri' for r.iipimr, aliiiniiiuiii, KakL^Iiio, etc. 

C iN ail iilti'riiati‘-tii[)tli niiw ftir lnMiv.v-.sfrvirr PuttiiiK .stwl. 

H In a iiii'tiil-sliltiiiK niiw with .siih'-i'.luii i‘li'anui['L‘ fiir i‘.uttin{£ hIdlO. 

A i.s a siili'-rliip-rliMi.runRi' saw fur riiltiiiu I'.aMt irriii. 

E a MtanilanJ plain inidal-NlittinK aaw fur Hlialluw 

Fig. 16. Sueli eutters should be keyiMl to the arbor with a key of 
sufficient length to extend through the keyway of the cutter well into 
the keyway of the collar on either side. These eutters provide in¬ 
creased side clearance, maximum bearing on the arbor, fidl support 
from the collars, and increased strength of web. Very thin plain 
cutters, such as tyjie E, often are made of sheet steel and are slightly 
hollow ground for side clearance. Sometimes they are driven by fric¬ 
tion between tlie collars on the arbor, as only light cuts can be made. 

Style A cutter represents a side-chii)-clearance saw for cutting cast 
iron. Shallow clearance sjnices are provided on the sides of the rim 
back of the radial cutting edge to provide scavenger rece.sses which 
keep the slot in the work clean and free from fine chip.s. These saws 
are reported to last from two to three times as long as the plain 
type. This cutter is of medium pitch and is suitable for cutting off 
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or slitting cast iron of any thickness to tlie liub of the saw and for 
cuts of moderate depth in steel. It has a rake angle of only 3-4 deg. 
The proper cutting speed for these saws in east iron is from 70 to 90 
fpm jieripheral speed with a feed from 3 to 6 in. |)er min, depending 
upon tlie depth of cut and properties of the metal being cut. 

The metal-slitting saw, /i. Fig. 15, is for cutting steel. This cutter 
has a rake angle of approximately 10 fleg and a pitch slightly greater 
than that of cutter ty|)e A. The hub is 
reinforced to })rovirlc an increased bear¬ 
ing on the arbor, greater rigidity, and 
more i)ressure area for the key. When 
cutting mild steel with this saw, a siiit- 
al)le perii)heral s[)eed is about 125 finn 
witli a talde feed of 6-8 in. per min, 
de])eniling on conditions. For the cut¬ 
ting of hard alloy sleels, the peri|)heral 
s])eed should b(‘ as low as 60 fjnn, and 
the table feed from -‘li to 2 in. ])er min. 

These (‘xtremes include a wide range of 
ail,justiiients, depending upon the nature 
of the material being cut and the size of 
the cut. When cutting bi’ass with this 
cutter, the cultiiig speeil may be up to 
400 fi)in and the feed 10-12 in. per min, 
or even more, ll is not feasil^le to make 
these side-chip-clearance saws, eillier 
style A or /^, thinner than Vs ii*-i 
web between tlie teeth becomi;s too thin 
and frail. 

When a saw having a thickness of 
V4 in- or greater can be usimI, an alti’r- 
nate-tooth milling cutter, ( \ is indicated, 
and will stand heavier feeds than either tyjie A or B. Alternate shear 
□r side rake may be jiroviiled on tlie jieriphery, and greater chip space 
is available on the sides. These saws shouhl be made with reinforced 
hubs to give suitable strength for driving them. 

The metal-slitting saw, D, having a 13-deg rake and coarse pitch 
with increased relief, is used for cutting coiiper, aluminum, Bakelite, 
Alicarta, etc. The large fillet at the bottom of the tooth and the face 
of the tooth are highly jiolished to allow the ribbon chip to sliile easily 
over the face of the tooth rather than wedge against the fillet. 

For cutting copper, a surface or peripheral speed of 150-300 fpm 



Fio. J(i. A Sci'liiiiial View i)f a 
•Mi'lal-Slil l.iiiK Saw Properly Lf>- 
i-aleil DM ail Arhor. 

Tliiis .sliowN Oil- Hiippurl bntwL-m the 
tirbur uriij tlii^ .siiw mill tlm millurM iifir.l 
llic .siilt-s i)f till- liiib. Till- aiiipiL- ri‘lipf 
uii tin; ruilial irnttiiiK lul^e uf the. tuuth, 
ut tlu- .siiJn uf tilt; web. uiid un thu sides 
uf till; tcelii i.s indii-uted. 

These saws are free cutting 
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with a tabic feed of 12-20 in. per min is suitable depending upon the 
conditions, such as the size of the work, its rigidity, and depth of cut. 
For cutting aluniinum, a peripheral speed up to 1,000 fpm may be 
used with a table feed of 12-20 in. per min. For both cojipcr and 
aluminum, a suitable cutting fluid should be used, such as a light oil 
for co[)per, and kerosene or an emulsion containing kerosene for 
aluminum. 



Fin. 17. Till* SiiiiDiiils Iiisi'rtpd Blade 
nl* lligli Sperd Sli*id f(ir C-iri-uiar Saws, 
Made in Six Sizns. 

Kvnry iitlirr Iniihli i.s niiiiiiliMl iiii tup iinrl is 
niiiniM'rr mid sliKlitly liiii|{nr (liiiii aUi^rimn* 
ti'idli, w'liii'h arL'Iliil on lop. Thr liimli h>rlli rut. 
(I Kriiovi' in tlir riuitri of tliu krrl‘, mid tlir iilti'i- 
iiHti; Hipiarr liwtii uul uiit Mil' two roriirrs, lluis 
bri’iikini; IIk' rdiip into IIithl* |i>ii'C'n.>s. Tlir 
Rurvi^d Ihroiil of tin: tuoth fur licndiiifi tlir chip 
is dourly .sliowii. 


Fin. 18. The Disstnn Cail»i)lny- 
Ti])prd Bladf's I'Dr (^irr.ular Saws. 

Tlir.si' show Uir nidiul, l5-d(‘e hook, 
:iiid 2i\ liook aiiKirs, a.s wril as 

till* thnu: Htyli‘.s of torth usnl in nuttiiiK u 
variety of iioniiietalliir iiiiiterials. FF, 
full formed; IIK, half forinud; 11FH, 
liulf-furiuu[i hpvol. 


Inserted blades of high speed steel are shown in Fig. 17. These 
are in use in Fig. 10. They .are ground with a 10-15-ileg rake angle 
and a 12-deg relief angle. The straight face of about %o in. merges 
with the gullet of large radius. These teeth dull by abrasion on the 
land. To sharpen, the face or land or both may be ground. 

Inserted blades tipped witli sintered carbide, Fig. 18, are made in a 
wiile range of sizes from 6 to 30 in. diam. for sawing iionmetallic ma¬ 
terials. Fewer teeth than normal are jirovided as the cutters operate 
at very high speeils, as 6,500 fpm for asphaltum-honded flooring and 
Transite board; 10,000 fpm for Bakelite, rork, hard fiber, gypsum 
board, Alicarta, and plastics; and 16,000 fpm for Celotex, hardwoods, 
and glued plywuods. 

Abrasive disks are made from silicon carbide and aluniimim oxide 
abrasives. Silicon carhiile i.s u.sed principally for cutting cast iron, 
nonferrous metals, and sintered tungsten carbitle; aluminum oxide is 
used generally for cutting steel. Alost of these wheels are made up 
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with a resinoid bond lor the abrasive particles. Vulcanized rubber 
is used as a bond to some extent. 

High-speed sawing with rubber- or resinoid-bonded abrasive wheels 
of ^/i B-j % 2 -} ‘Jr thickness causes wheels to cut faster, pro¬ 

ducing more cuts per wheel, and the (piality of the cut is improved. 
For general work on all metals an A3()-S7 or A36~T8 wheel is best for 
maximum wheel life. AVhen a burr is not objectionable, an A46-R8 
wheel gives a better ipiality of cut but lower proiluction, and an 
A70-H8 wheel gives the best cpiality of finish. Typical iirnduction 
with rubber-bonded abrasive wheels is as follows: 

(a) Twu-iiirh-iiiiimi?t[;r liluiiiiiuini giiti*s and riyi’is ari' nil olT in 20 sim- per 
pifM-n with 150 nits ]»er vvlind. 

(5) Twu-iiii'li-disiiiiLaL'r brrmzn gatps and risns aii' nil in 30 sim- wilii SO l■llls 
per wlieel. 

(r) Culd-dravvii sIl’L'I 1 in. diam. is nil in 2 see witli 150 nils jier wlind. 

id) A IV 2 X IV 2 X ‘/s-in. slet'l angle is nil in 3 see willi 85 nils iier whi'el. 

These wheels are run safely up to 16,UU() surface finn and are used 
principally for cutting small bar stock, such as tool steel, cold-rolled 
steel, stainless steel, Stellite rods, tubing, or sjn’ing stoi-k. They cut 
without burring or burning the stock. The saw shown in Fig. 11 
uses abrasive disks interchangeably with the steel friction saws. 

Noeflex reinforced resinoirl cutolT wheids 14, 16, and 20 in. in diam. 
and %2 and % (j in. thick with a marking of A241-01411N are now used 
with great success for cutting gates and risers on nonferrous castings 
with considerably less wheel breakage than occurs with ruliiier- anil 
resinoid-bonded wheels. They are also used sureessfully for cutting 
oil' steel. 

Friction disk saws are made of a sjiecial grade of alloy steel care¬ 
fully balanced, properly tensioned, and hollow ground with teeth 
hohbeil in the edge to increase the friction. 

The teeth are formed by bobbing V or siiuarc notches equal approxi¬ 
mately in width and depth to the thickness of the saw about the 
periphery. The teeth on the friction saw used for cutting rails, 
structural steel, billets, bars, etc., cold or red hot as they come from 
the mill rolls on their final jiass are nothing more than V-type teeth. 
These friction saws are made in diameters ranging from 14 in. with a 
thickness of Vs in., to 60 in. wdth a thickness of Yh ii^v and are run 
at perij)heral speeds of 18,000-20,000 fpm. The teeth are hollow^ 
ground on the side for clearance and balancing. Hollow-ground saws 
should be used with 4-8 teeth per in., operating at high speeds of 
o[)0-15,000 fpm. An air blast is helpful in preventing the chips from 
sticking to the saw. 
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Sawing Various Materials 

In culling soft metals, tluTc is a tcndonry for the chip space to 
become clogged and filled, causing the saw to rub instead of iirt)ducing 
clean-cut chips. This produces excessive heat, causing the blade to 
soften and wear more r|uickly. 

In sawing cast plastics, any hack saw or band saw may be used, 
but a thin high-sjieed abrasive flisk is most economical. For average 
w’ork a band saw slioiild have 14 teeth to the in., anrl the surface S])eed 
should be 1,300 fi)m or more. The saw shouhl be Vi! iii- wide and just 
soft enough to file. A good saw will run 8-15 hr before reriuiriiig 
resharpening. Hand saws of razor-edge sharpness with sealloj)ed 
edges work well at higii s])eed on resilient materials and soft rubber, ^ 
cork, etc. 

For sawing stainless steels, high speed steel blades are recom¬ 
mended. Tlie saw teetli shouhl start cutting with a minimum pre¬ 
liminary rubbing because of the proiumsity of the metal to harden 
ui)on being cold worked. Ti'cth ha\’ing a large rake are most desirable, 
and saw blades with the wavy set have shown excidlent performance. 
Band saws serve best for sawing stainless steel on account of the 
contiinious cutting. 

A production hack saw will cut off a 1 Vl»-iu.-diam. rod of SAE 1020 
steel at the rate of 75 cuts per hr. A total of 7,500 pieces was cut in 
100 hr with one high spi'eil steel blade. An emulsion of 1 to 10 was 
used. 

The positive screw-feed production hack saw will cut a 5-in.-diam. 
bar of SAT] 1137 steel in 4 min. A total of 176 cuts was obtained with 
one high speed steel bhuh* when using an emulsion of 1 to 30. The 
saw with 4 teeth per in. made 135 strokes ))er min with a feed of 0.009 
ill. per stroke. With the Cobly cold-sawing luiichine, Fig. 10, a bundle 
of 26 eohl-finished bars 1 in. in diam. was cut off with a circular saw, 
having inserted blades of high sj)eed steel grouml to 20-deg rake and 
5-deg relief, in 55 sec. Tin* feed was 6y^ in. jier min. The cutting 
speed was 75 fpiu, and about 200 cuts were made bt'fore it was neces¬ 
sary to resbar])en the saw blade. 

Cutting fluids have a marked influeiiee on the performance of a 
hack saw. The results of a series of tests {Trans. ASME, July, 1934, 
p. 527) show the influence of rutting fluids when cutting various metals, 
Fig. 19. The cutting conditions are outlined in the title of the 
figure. Each point represents an average of the first three cuts of each 
material. In cutting brass, as well as some of the other metals, the 
first cut in each case was much lower than the secimd anil third, which 
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were in close agreement. A new high speeil steel saw blade was used 
for each cutting fluid, while one cut was taken on each of the eight bars. 
.A second and then a third series of cuts were taken on the various bars 
for each oil but in a different order each time. 

Dry cutting, No. 1, requires the greatest time for all materials. 
The water comi)ounds, Nos. 2, 3, and 4, give nearly equal values slightly 
lower than dry cutting for all the metals. The two sulphurized oils, 



Cutting Fluids by Number 

Fin. in. The Time in Miiiiitcs RiMiuiiTil to Cut OfT ii 1 ?ij-iii.-si|. Si*fiinn of ICight 
Dirrci niit Meiiiis Ls Given AVIumi (Uitliiif^ witli Various Cutting; Fluids. 

A Tiiorl tj.s-s lii|;h-Hp(M‘d staiidiirrl-tyjip hai-k-.Hnw intinliinr having il !) X in. I'.upiinity, «,,« shnwii in 
Fik- iJ, m'hh when iiiiikinK 120 HtnikeM per iiiiii with a feed presHtire uf ahiiiit IIH Ih. A Nu. Bri2 

•StiiiTutl hi)r|i .speed i^teel Haw blade 17 in. luiiK, 1 in. wide, and Q.Otio in. think wuh uned. It had fi ti'.eth 
|ier in. and prudiieed a kerf nf 0.082 in. Tlie .'^et uf the teeth was ri^ht, left, twn ntniiKht, ete. The 
experimental values are the uveraee of the first three cutH id each iniiturial. The cutting fluiilH lined 
were aa frjlluivJH: 


1. Dry rutting. 

2. Water nriiitaiiiiiig I ' 2 I'l'r rent hurux. 
•1. 1 part Huluble nil tu .'lO partH water. 

I part Hiiliible nil tu 10 parts water. 

•'i. A Nn. 2 lard nil. 


G. A liglil mineral nil. 

7. A heavy iiiiiierul nil. 

8. A light mineral nil rinitaiiiing 10 jier i;ent lard nil. 
0. liglil. mineral nil ciiiituining .S ficr cent uleic acid. 

10. .A .'sulphuri/.ed mineral nil. 


11. A Hulphuri/.eil laril-mineral nil. 


Nos. 10 and 11, cause the saw to cut fastest. In many of the cases, 
there is not a great deal of diflerciiee between tlie time values resulting 
when an oil is used and when cutting dry. Il dne.s apjiear, however, 
that oil No. 8, consisting of 10 per cent No. 1 lard oil in a light mineral 
oil, is best for all metals exri*i)tiiig ca.'^t irun anil hra.ss. 

The 119-11) feed iircssure is jirorated over 9 teeth in contact with the 
Work. This anmunt.-^ to 13.22 lb j)cr tooth. In similar tests in a 
h X G-in.-capacity saw of the same type as that u.sed in the tests 
mentioned above, a saw blade having 10 teeth per in. was used when 
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milking 90 strokes per min. The total feeding pressure was 131.2 lb, 
wliirh was distributed over 15 teeth in contact with the work, resulting 
in a feeding pressure per tooth of 8.75 lb. The cutting time for the 
same materials as mentioned above with the same cutting fluids for 
the 10-tooth-per-in. saw blade for cutting aluminum dry, cutting 
fluid No. 1, was 1.4 min as compared with 0.65 min for the 6-tooth- 
I)er-in. saw. The corresponding times when cutting SAE 3150 steel 
was 6.5 min for the 10-tf)oth-per-in. saw as compared with 3.4 min 
for the 6-tooth saw. This indicates that the cutting time was prac¬ 
tically doubled. 

When cutting the SAE 1112 steel, it wa.s found that the dulling effect 
on a saw blade, as indicated by increased cutting time, varies with the 
type fff cutting fluid used. The dulling of the high speerl steel saw 
blade having 6 teeth jier in. was found to be very little when the emul¬ 
sion No. 3 was used. Aft(‘r cutting 70 l Vl:-in.-s(j sections (157V1» sq 
in.), till' time wa.s increased from 1.3 min to about 1.45 min. The saw 
blade showed slight .signs of wear. When u.sing the tungsltm blades 
% in. wirle by 0.049-in. gage, 12 in. long, with 14 teeth i)er in. on the 
same .steel, the wear was found to he a])i)reciablc in cutting off 70 
sections. The time of the first cut was almost doubled for the last 
cut when using each of four cutting fluids. 


Cult inti Fluid 

b 

S 

3 

10 


Timp, First C\tt 
2.0 
1.5 
1.7 
1.5 


Thuv, Sevpniirth Cut 
3.0 
3.0 
2.1 
2.1 


This shows that No. 10 sulphurizeil oil causes the least time for any i-ut. 
Emulsion No. 3 is a close second as to time, but the blade was prac¬ 
tically ruined, whereas that on which No. 10 was used showed but little 
wear. 


QUESTIONS 

1. Whal nrr the three prineipiil lypes of sawing marhines? 

2. \^'hal are Ihe Ihree ])rinripal rla.sses nf cimilar sawing marhines? 

3. What is ineaiil hy keif? Explain its relation to llie lhii'knes.s of ihe saw. 

4. What type.s of nialcrials are used to form llie cutting blade.s of circular 
cohl .saw.s? 

5. Of what malerials are hack .siiws made? 

6. What type.s nf material are cut with circular saws with blades tiyiped with 
sintered carbide? 

7. What is meant by tiie .set of a saw? 

B. Wlien are liack-.saw lilade.s with fine teeth iiseil? 

9. AV hen are hack-saw blades with coarse teeth used? 

10. In what ways i.s the feciliiig pressure on a hack-saw blade obtained? 
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11. What arn the advanlagL's of tho sofi-bai*k blade as eompared with the all- 
hard blade? 

12. What are the advanlage and purpose of the eiilriiig fliiiil in iiiarhine haek 
jawing? 

13. Kiilly deseribe the hack-saw blade, the cutting speed, and [ iittiug fluid you 
would use in nil ting ulT sections of cast aluininuin 2 in. sq. 

14. What is friction sawing, and how is it applied to band anil ciirular Siiwing? 

15. In sawing off a 6-in.-diam. bar of cast iron in a hack saw, state Ihe follow¬ 
ing: the number of teelh per inch, the feeding load, the load per tooth, the cutting 
sjiecd in strokes per riiiniite, and the lime required to separate the pieire if high 
sjief'd si eel.blades are used. 

16. llejieat the values of problem 15 if %-in.-diani. sti'el bars are to be cut off. 

17. Lxiilain the difference between cold sawing, abrasive sawing, and friction 
sawing as applieil to circular saws. 
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CHAPTER X 


DRILLING. BORING, REAMING, AND THREADING 

Till' Hubji'fts of (Irilliiij;!;, I)unn^, n‘aniiri^;-, iinil tliroiidin^, ms applied 
j)rineij)ally to drill i)resses or specialized machines, are Ki’ouped to- 
i;;etlier, inasiiiiicli as the four operations may be done separately or 
collectively in any combination on many machines of the same type. 
A machine rli'si^ned ])rimarily for drilling may be used to advantage 
also for boring or reaming simply by chan^in^*; thi‘ cutting tool. AVith 
])ossibh‘ sli^ijht modifications or by the use of attachments, this same 
machine may be usi*j 1 for (hriaidin^. 

DRILLING MACHINES 

A drilling' machine or drill |)ress, as it often is calleil, is desif^ned to 
hold the drill or cutting' (oid ainl |)rovid(‘ a means for furnishing the 
proper rotating speeii and axial feed. Tin* size of many drill ])resses 
may be expressed by the diamettT in imdies of a disk, tin? centiu* of 
whii'h can bi‘ ilrilhal. Idds size cori'esj)onds to tlie swing over the ways 
of an engine lathe. 

Classification of Drilling Machines 

Drilling machines are maile in many different ty|)es and sizes, each 
di'siginnl to liandh* a class of work or specific job to llu* best inlvantage. 
The comidete (dassification of any drill press is involved, consisting of 
many features based on design or construction, i)urpose, and apiilica- 
lion id' power, as follows: 

Features of Design or Construction 

Poit:il)le. I’iK. 1, nr si:it iiiiiiiry. I’i^. 2. 

Hcni‘li, lois. 2. 1)1 flnnr innuiilri^. 3. 

Itniiiiil rnliiiiiii. I'ig. 3. or Imx rnliiiun, Fi;:;. 4. 

llni'izDiiljd, Fig. 12, or verliriil (ii|)riglil), Fig. 3. 

laghl ihily. Fig. 4. or licavy itiily. Fig. fi. 

Fixeii-|in.si(inn spiinlle, I'^ig. (i. nr liiili.-illy iidjiislnbli' Fig. 14. 

Fixi'il hciiii ni .siiiinlli' siippnrl. I’ig. 6, ■‘^lilting lii'Mfl, Fig. 4. 

Table ff'iMl ni‘ spinilli' fci'il. f'ig. 2. 

Ailjuslablc table. Fig. 3. nr tixcil table, log. 10. 

Hiiigle spiinlle. Fig. 2, or iiiiill ipli‘-gaiig .'^i)iiiilli'. Fig. S, and niiilti|)rc-iliisl,cr 
.spiinlle, log. 0. 
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Miillipli’ Hpiiiillt?, liorizonliil, Fi^j. 12; vi'rlir:il. Fip;. lU; liorizniitiLl aiiil vpilii-iil, 
Fitf. 11. 

Siiitflr w:iy, Fitf. 10. nr w.iy, I'isj;. 11. 

Wilh tlirc'MiliriK (spimlli'-ri'v iTsiiig) or willioiit. 

Application of Power 

Hiinil or powf'i- ilrivnn. 

Hrllril from .sliiil’l, Fi^. 3. or si'lf-rnnhiini'il inolor drivn. Fig. 6. 

Suiisilivi' or lionil FimmI, Fi^j. 2, or powf'r foi'il, I'i^. 3. 

Mrrhiiiiiriil Ini'd (rtirk iinil pinion. I'lr.), Fig. 5; Juu.il srrnvv or i::ioi, Fig. 11, nnd 
liydroiilii* foi:d, Fig. 12, 

Miiniiiil. Fig. 3, or .sroiijuilooialii*. Fig. 11. 

Purpose 

Gt'ni’ial use. Fig. fi, or siiiglr jmrpnsn. Fig. 10. 

Low .spi'i'd, J'ig. 3. or Ingli spianl. Fig. 4. 

Drilling and hnriiig. l''ig. 10, la'iiliM* drilling, nr lai^piiig. 

Siu'ciiil inamifai'tnring. Fig. 7. 

Portable drills arc made in a large varic'ty nf lypi's^ anil sizes. Tiny 
are snmetimes iiiimnled on a beiieli slainl oi' post brai’kel in garagi's or 
siiuill job shojis for use as fixed single-spindle drill pri'sses. A portable 



Fir.. 1. A Sertional View of llu* Fnited States ICleetiieal Tool (‘onipiiny’s lleavy- 
J3uly Hall-Rearing Lniver.sal Motor Porlabli* Drill. 

This ilrill is made with a eapacity uf a =i^-iii.-fliaiii. drill in steel at a speed of T.'iO rpin. 

type of elcctrip motor drill, Fig. 1, is a powerful ball-bearing drill of 
nigged contruction. It is well balanrod and easily luimlled and has 
a wirle range of usefulness. The univer.s£il motor operates on direct or 
alternating current. It is equipped with ball bearings on the armature 
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and Timken radial thniM. bearing!^ on the chuck sjiindlc. The gears 
are of hardened cliroine-nickcl-alloy steel and run in a greasetight 
gear case. A riuick inake-and-break trigger switch is provided. This 
drill is made weighing 14 lb for driving a %-in.-fliam. drill in steel at 



Fir.. 2. The BiifTiilo I'firm* On. lO-iii. Ileavy-Duty Pruilui liuii-Typr Sriisilivi; 

Bi-m h Drill P 

A 'i-lip. 1 .SIMJ-rpiii. vi'rtinal litill-lii’iiriiiK mutur iil Ihn liiKh-Ktiirl.iiiir-iunnii* typi* tlrivRH thi' Nriinille 
by mtMiiiK Ilf perfiM'.tly liiiliiiiriMl llii-iu‘-.sli>p piillrys and V bidt, pnividiiiK Ihrri* .spiiidli' spriiiLs 

III H-jO, l.7ri0, anil 3, (MM) rpiii. 'Chi* lii'iKht. uf tlu* drill is 32 in.; its rapai-ity is ' j-in.-diam. drill in rast 
irriii. It is fiirnishiMl with a Nn. fiA .lai'iili.>« eliiirk. Tlir ilist/ini'c fniiii tin? [Miliiinn tu iht? l;■.L*nlL■^ iif tho 
drill is .’ll,; in. Tlu? spindle travrl is 3‘-j in.; iiiaxiiiiiiin distance from I'hunk tii tahli?, 11'j in.; and 
vrrtiual iiiuvniiinnt of adjustabli' tabiR, ID in. 


750 rpiii. Smaller and larger drills with appropriate siieeds ai e avail¬ 
able. 

Bench-type drills. Fig. 2, are usually made for drilling light work 
with small drills. This is a sensitive feed press, as the spindle is fed 
downward by the feeding handle by hand so that the resistance en¬ 
countered by the drill can be felt by the operator. A coil spring on 
the left end of the feeding spindle counterbalances the siiindle and 
causes it to return to its highest point when the feeding handle is re¬ 
leased. The knurled wheel on the horizontal screw drives a rack 
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which adjusts the motor to or from the spindle for keeping the Dayton- 
Cog V belt at the correct tension. It is locked in position by the 
knurled wheel on the vertical setscrew. The starting and stopping 
switch lever is attached to the motor. 



Fii^. 3. The Old Type W. 


and John Ihiriie.s No. I4(i 20-in. SinKhsSpiiulle 
Drill Pri’.s.^. 


n is nruvidtirl with a s.|.iii.rf Int.-'i-, hunk Knurs, uiul piiwur fni-.l. Tlin n.niiil tuhln may he swivnlnJ 
uhijut it« axis ami that yf the uiiluiiin uml iii:i.V I'l* raisnii nr limnn-il hy tin- vertir-ul scri-.w. Ihu driVB 
is fruiu a line shaft r,r niutur lu the liKiit uiid louao pulleys. The belt i.s shifterl fruni line tii the utlier by the 
fui.l peilal. The fuur-step-nune pulley with .siiiKle bank Kears priivule-s eiKht spiiiillr spueils. 1 he he^ 
i.s llxeil and the spindle may be fed by liand direetly by the l.iiiK lever or by the fe-ed whee thmuRh the 
worm and worm wheel reiluetion. Power lend throuKh the miter RiMirs anil the worm and worm wheel 
furnishes four feirds of O.lKiri. 0.007. 0.000, and 0.01 fi ipr nf the spindle. 


A .simple singlc-cnd centering machine usually is liorizontal with 
It .stationary threc-jaw universal chuck, to center and hold the work or 
bars to be centered, as for mounting on lathe centers, while a rotating 
center drill and countersink is fed into the work by a handwheel- 
driven screw. 
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Standard upright drilling machines; The general-purpose drilling 
machine, uf the upright tyi)e for Hour mounting for liglit nr heavy 
work, usually is provirled with a wirle range of si)inflle speeds and 
feeds. An old type with step-eone-imlley and haek-gear drive is 
shown in Fig. 3. Power feed is provided so that the drill ean be fed 
into the work at a uniform and })ositive rate. 

Power Jiiay be api)lief] to drill jiresses in a manner similar to that 
a|)plied to lathes, shai)ers, ete. A belt from the eountershaft may drive 
to a step-eone ])ulley, to a tight and loose j)ulley, Fig. 3, or to a 
single-i)ulley drive operateil through a cluteh. The more modern 
methoil is to have a self-eontnined motor whiedi tlrives the si)indle 
directly through a short belt, Fig. 2, or, when arranged for motor drive, 
drives the singh* pulley eonnceterl to the spindle through change gears,- 
Fig. (i. 

The Avey box-column, high-speed, motor-driven drill jiri'ss is shown 
in Fig. 4. Four columns of the standarrl single-sinndle unit, each 
inilividually motor rlriven, are mounted on a common l)as(‘ to form a 
four-spinrlle gang drill. The motor, mountetl vertically back of the 
cidumn, drives through a six-speed gearbox. The le\'i‘r at the upi)er 
front of the machine shifts the gears for speed change. 1'he gang 
drill shown repi’esenls the foui' tyj)es of spindle feeds mentioned in 
the li‘gend. Any of these spindles may be adaptetl to positive lead 
screw tapping or for multi|)le head drilling. The single-spindle units 
may be efpiipped with Ji round table, a large fixed rectangular table, or 
a smaller compound table with accurate longitudinal and traverse 
travel. Fush-l)Ulton control is pi'oviiled on the sliding head of each 
sjjindle, and the table may be adjusted veitically by the single crank 
operating the three vertical screws. 

In some drill presses, such as the small Leland-(liflord, the motor 
armature is mounted directly on tlu‘ sjiindle. The motoj' is wound for 
four speeds, such as 3,600, 1,800, 1,200 and 900 rj)m, so no gear changes 
are involveil. Some drilling machines of this tyi)e feed the ilrill by a 
disk cam rather than by !i rack in the i]\i\\\. The cam is mounted on 
the pinion-feed shaft of the sliding head and bears against a roller 
attached to the lower end of the quill. This cam may furnish rapid 
traverse of drill to work, lu-oper cutting feed, dwell at the* end of cub 
if desired, and rapid return to the starting iiosition. A sectional view 
of the high-siieeil Avey spindle for a -ji ,;-in.-diam. drill is shown in 
Fig. 5A with that of the Atlas Press C'o.'s small drilling machine (5/i). 

The Barnes all-geared, upright drill pre.ss shown in Fig. 6 is of the 
box-column tyiie for job-shop or production work. (Jreater accuracy 
may be obtained from the box column because of its rigidity, but 
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irR'atcr versatility may l)t‘ ublaiiii'il iVnm the ruiinfl-roliiinii iyi)t‘ \m- 
fiiusc of tlu* iiiaiKMiVLMiibility of tin* round lablr sliown in Fi^’. 3. This 
^nacliiiiu has six spoiMls, obtaiiiL'd by the* two luny; Juvris on iliu iii)j)L’r 



Courteny Avey Drilling Marhine Co. 


Fiu. 4. Tlin Avi\v Four-Spimlli’ (J.iiin-TyjH* J^MA.O Drilling Msirliiiic. 

Kanli colli tun cfiiisi.sLM uf a iniit or anil jrmrbux wliinli pnividis: .six spiiullL* npeeiJa up to 4,8()D rpm and 
four fueilM uf U.IKW, O.OWi, (J.lJUIl and 0.UI2 ipr. Tin* iiuiuhiiii* ishiiw.- four lypUH of NpiiiilliiN. Nu. 1 at 
thf li*ft i.s till* Aviiy-iiiatic fL*i!il for full uiitoiuHtii; or .sLuniautuiiiatii: nydiiiK, No. 2 iia.s tho plain powtjr- 
fisril unit, anil No. 3 lia.« the liunil-ftn;d unit, ivliili; No. 4 llil^> the taiipinu nttaehiiieiit for ruvurNiiiK the 
spindli: by revorwinu the luutor, whieh is tln*n .stopped by a solenoid brake. 


light sido of the head, from 142 to 1,415 rpm, and six feeds, obtained 
l)y the two small levers on the front of tlie head, of 0.004, 0.000, 0.009, 
0.014, 0.021 and 0.031 ipr. The large lever on the left side of the 
head engages the forward and reverse speed clutches on the back shaft 
aad is used for starting, stopping, or reversing in case of tapping. 
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The feed is disengaged and the si)indle stopped if the stop near the 
fulcrum of the start lever is vertical as shown, but the spindle will 



Fin. 5/1. A SiM'timiiil View nf the 
Avey Nn. } i Drilling M;if*hine Spiti- 
lile D('.sifriiril I'Dr Hifch Speeil on 
VViirk. 

Tho Hpindle in r.iirheil iMitiri>ly in iiiinular 
ball beariiiKs. This roiistiiii'liiiii |if*riiiil« 

Hpindip iiii t-ti rpni- Karh uf 

tiip npiUT twii liiriinntES is nf rhr pnlf- 
alijriiiiiK typn ami is liilirii-tili>il by lliiiK(>ra 
whii'h ilip into an nil nwnrvnir. 



Fir. 5/i. A SiTtioniil View of the 
Atlas Press Co.'s Spiiiilli^-Mi-ad 
Design for tlie Small No. 03 Drill 
Pri!.ss. 

Thn rlriviiiK pnllpy. parried pn a sleeve, 
is K-siiliiied tii the spindle at the top. The 
drawinu shuws huw the pininii Ki^ar inesheB 
with the i 4 iiill ruck teeth fur tlie spindle feud. 


reverse to withdraw laji if this stop is placed Imrizontally so the lever 
can rise higher to engage the reversing eluteh. The 3-hp constant- 
speed motor is lueuted in the box coluiiui and drives by silent chain 
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to the constant-speed sliaft. Push-button control is provided, operat¬ 
ing? throu|?li the reset and knife switeli. Tlie fuses are jilaced in the 
^aiiel wiiieh serves the wliole room. The wattmeter is sliown pluggeil 
into a socket on tlie left siile of tlie heatl provided for quick assembly 
oi the portable wattmeter unit. The wattmeter meaw<ures the gross, 



Courtity Barnea Drill Co. 


J’lo. I). Thf Jhiriics 201 ^4 Si-lf-OiliiiK, All-Cpari*rl, Hn\ Ciiliiiiiii, TpriKht Drill PrpsR. 

This iiiai-hinp is iisivl m tlip inur'IiiiiiibiljU lubiiratun fur sturJvinic riintul-r’iiOini; and nittinK-fliiid 
prubli'iiis li IS |iiii\uli*[l li riM‘iir(liiiK 'wattiiiptpr and a rl>nainuiiiptrr whirh inua»iirpN tuniiiu 

iiiiil Ihiiist up Ml rlir ritimril} of the iiiar'Iiini' iif driAiiiK a 1'^- 111 -diani. drill in Hind. 

tare, and net po\A er fleveloped by the mi»tor. The s])erial dynamometer 
mounted on the table, using eleetrolimit units, reconl.s the torque and 
Thru'^t on the cutting tool from whicii the net power at the cutter 
can be coniiniter 1. The spindle is proviiled with a No. 4 Morse taper 
and a eylimirical r|uill, but flanged quills arc available for mounting 
I 'lge multiple ilrilling heads. 
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rm 


HAND ran WHEBL 


SPEBD BACH 
■QEAH LEVER. 
HIGH AND LOW 


Production Drilling Machines 

SinKlt*-sj)inrlh* drilling niai-hines aro adapti'fl to large prndurtinn by 
jirovifling various dt'viccs which help to rerluee handling and machin¬ 
ing time and lead to the economical 
B manufacture of interchangeable 

I j)arts. These devices provide niul- 

AUToMATic £■ ff tooling as with multiple drill- 

out^leveST Wg / rHAND ran WHEEL iug licails, jlgs, automatic spindle 

/^aFEEDji^rfliB return, j)ositive taj) leads with 

III SPEED BACH niecliaiiieal or electrical automatic 
cha° ilwell attachment to 
LEVER f .A - permit the tools to clean u]) at the 

spot-facing. 

”wheel” Multiple tooling may be obtained 

hy adding multii)le ilrill heads to 
III * n a single spindle, adding more 

“lSCe/T® ^ ^ sjundles, or both. Multiple sta- 

. a tions can be provided so that 

_ . ® several spindles can o])erate simul- 

.taneously or so tliat, while one 

sj)indle is in action, work pro- 
^ viously machined can be rej)laced 

by rough stock and then quickly 
I indexed into j)ositioii. Various 

—■ - — p kindred operations, such as drill¬ 

ing, l)oring, counterboring, reaming, 
facing, and threading, can be per- 


hand feed 

WHEEL 

THRauOH 

WORM 


UDH 

WORM . 

kGING ^ _ 

" r 


PEED WORM 
ENGAGING 
LEVER 


7 . Thi'W. F. iniil.l.(liii Hiiriics \|>. foniu'il suiH'Usisivcly 
300 20 -in. (iciinriil-Purposi* Pmilurlion laiieouslv. 

Drill 1 rrS.S. '^Plm ImaT/Tr-fliil-vr n 


and/or simul- 


The heavy-duty general-purpose 

A Tj-iip i.aw^-riiiii iiiDtnr iinviw riin-iOy production drill pi’CSS, Fig. 7 , has 

tliriiiiKli Hill'nt I'hiiin. I Iil* iiuii-liiiii' i.s l‘l|||||•|ll>|l ' i n > 

witii II iiioiiiR-Hiiiii iiuiii|i anil iiiviiiiK, wiiii iiiB L'ight spccds obtainable through 

lank in llir liiLsf nf Hii> riiliiiiiii. Ilaimi to luill a . i- 

I' ■i-iii.-iiiaui. iiinh .“iifiMi Hti'ci ilrill til its l■aIUl(■i^y g(*ar traliis ouilt luto tlic iiiacliiiie, 
I" imt oniv two focis, on? tin-ce times 


in soliil Mli'ol. Till- Ijox-lypii' i-iiliiiiin is ilnsiunnil i x i x fpp.ltj nnn ilivnn 

for riciility. Tlii> IiimiiI is li\i‘il.anil llin spiiidln OUT Olliy T^^ O H.tlL., OUe llllCC llllies 

i.s iirivin tiirouKii ninUipii-spiini- «t.in*i siuji^. aiuoufit of tlie otliei', ai'c uvail- 

I'jitrlit iiiiii'k-i’liaiiKP spri'ils rniiii t'z to ..iliu rfon 

with a iirivf piiiii-y .spi-i-ci of .i(M) rpiii an* niiiain- able foi’ eacli pair of feed pick-ofT 

hIiIp tliroiiKli till' iliriM* Ii'vit.s nii I In* riL'lil-liiuul r,.,, j. . 

siili' »r tliLi roluiini. 'I’ln* ffpil lever loratinl at 01 tl aUSpOsiUg gOarS. 1 llOSC tccds 

till* rnmt of the iimi liinr i-ivfs Iwo ipiirk ihaiiKes •iri'MnirfMl mi tloit IlflP is fine 

i.f liMMl for mill pail of pick-i.lT Keans. The IiikI, I aflilllglU SO Tlldl OIIL IS nOL, 

fetii is ihree times iiie iiov. iiy rriuLspusiint Hie required for drilling, while 

liiek-iifT Kears liir.iteil on the left siile iil the liiMiil, 

two iiilililiomil fi'i-ils are avuihilile. Twenty-lnur (IlC seCOlld is COai'Sl', as ref|llired in 
TiihIs in all. Iroiii U.lHiri to II. M.j in., iiiay lie ■ , ■ t-, , 

nlilaineil. The power fe.il ineehaiiisni mn he reaiUlllg 01’ llOnilg. P 01’ eiicll Setll]), 
(liseiiKiiKi-il iiiiUiiiiiihially iit any pieiletmuiiuja COl’rect pail’ of feed pick-off 

ileptli. ^ ‘ 
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^(•Mr.s is Riilcctofl. Thv ginirs van bo ropliiood if oHior ml os of food ure 
rotiiiiiod. Tlio iiiMohino is fumisliod with dirorl-iiiotor rlrivo tliroiijiili 
fiWvni olijiin or bolt. For prodiiotioii, but oiio spiiullo spood is 

providod for tlio prirtiouhir job to bo iioiformod, Mltlioii^h tho two 
quick-ohiingo foods aro rotaiiiod. A spinflle-rovorsing clutoh may bo 



Fin. 8. A niiriirs Drill Cn. Gtinn-Tviin Tlin-r*-SpiiiiIli‘ Proilurrinri Drilling Miirliino. 

TIiLh iiiaRliini:'. in jjruviilL'tJ willi ji^.s fur pi'(iKrr.»sivi:ly lna^llillil|^ tlji- r-a^t-ii iiii i;iMr hilsi's fnr ii wiiHliiiiK 
inurliiiH!. ].Cuc;li i|ulll i.s priiviiliMl willi ii liuii|ii.Ml I'Jiil mi wliii-h ii rutir-Mpiiidli' iiiiillipLc hracl is iiitjuiilinl. 
Ill Till! 111 till! li'ft, till! wiirk i.s (lrilli!il; in llii* l■.l!lltl‘r .spiiiilli!, ilin Imissl!.s uri' spnl-riii-.L'd; uiiil in llie 
■!<piiiillE; at till', riKlit, till! Iiijli.!.s arc rBaiiii!il. 

providod in tho head for tapping so that the spindlo ran lio driven 
forward to footl tlio tap in, and then reversed at a higher siiocd to 
hark tho tap out. 

A multiple-spindle gang-type drill press. Fig. 8, ronsists of throe 
standard spindles and rolumiis ninuntod on a rnmnion bast* with ad¬ 
justable table. The siiindlos of gang drills are tiften equipped wdth 
identical jigs so that one operator ran kco|) several spindles busy on 
one operation of one part in mass production. In Fig. 8, eacli spindle 
is provided with a four-sjundle auxiliary heatl, guirlc bushing plate, 
and holding fixtures. A cast-iron gear case is being marhined progres¬ 
sively from left to right. Four holes are being drilled in the piece 
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at tlir k'ft. Twi) ^ V(j 4 -in.-rliain. liigh si)eefl stool twist drills arc run¬ 
ning at 450 rpm with a feed of 0.015 ipr. and two li-)(; 4 -in.-diain. drills 
are running at 270 rpin. The work is then iiiuvod to the center fixture 
where the four Ijosses are sjiot faced. The spot-facing tools operate at 
120 rpni, hut the feerling is done* hy hand. After spot facing, the work 
is transferred to the jig at the right wliere the two ‘*Ti; 4 -in.-diatn. 
drilled holes are reaiiiofl to 0.750 in. fliani. hy I'eaniers running at 225 
rpni and a feeil nf 0.023 i]ir. The two 1 ^ ■>,; 4 -in.-diain. holes are 
reamed to 1.250 in. iliam. hy reamers running at 150 rpni. Twenty- 
four complete gear cases are prnduceil per hour hy out* man. 

An adjustable multiple-spindle cluster-type vertical itrilling nia- 
cliine is shown in Fig. 9. ()ne'30-hj) motor ilrives the single siiindle 

leading to the sliding head which, in turn, distrihutes power to each of 
the sixteen siundles. The feeding of the drills and the ra])id traverse 
nf tiie head arc controlhal hy an Oilgear hydraulic pumi) driven hy a 
S-hj) constant-siieeil motor. The cajiacity of this machine is twelve 
1 Vi*-in.-diam. high s])eed stec?! twist drills in cast iron. Any one or all 
of the spindh's may lie released from the position shown, and iiuickly 
reclamped in any position required hy another joh. The lower end of 
each spindle, fixed in any desired location, is driven from the upper 
fixed portion of tin* head hy a teh‘scoj)ing shaft proviiled with universal 
joints at each tanl. In general-]nir|)ose machines of this type, all 
spindles an* rotated at the same s|)eed. For special semif)rodiiction 
jobs, .'<peed-reducing gears may he attached to the lower end f)f a shaft 
so that a drill larger than the others may be operated at its pro]ier 
Iieripheral cutting speed. 

A single-s|)indle hydraulically fed l)oring and facing machine liaving 
a multi])le head with three spindles and a three-station indexing fix¬ 
ture is shown in Fig. U). A rigid hushing jilate is attached to the 
column immediately over the index table for piloting the various bor¬ 
ing and facing bars. The three spindles are driven by the single ver¬ 
tical motor. The motor drives the spimlles through two sets of worms 
and worm gears for I'ediiction, al^o through spur juck-off gears at the 
side of the head. These jiick-off gears are ri'adily accessible and may 
be changed with the tools and jig for any other joh. The hydraulic 
feed is obtained through the Oilgear variable-displacement pump 
driven hy a separate motor in conjunction with a cylinder and relief 
valves. Tlie work is indexed from the loading station, successively, to 
each of the working spindles. 

A special semiautomatic machine for drilling, reaming, counterhor- 
ing, and tapping various holes in malleable cast-iron steering-gear case 
is shown in Fig. 11. There are five individual fixtures mounted on an 
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indexing table. Twu castings are clamped in each fixture by an equal¬ 
izing clamp operated by a jig lock through a rack and pinion. The 
previously finished large flat face is upward and located by dowels 
in the dowel holes at right angles to the long bore. 



Fin. !). Till* Siii'fiiil Niilionul Aulfiiiiiilii’ Toni Co. Multiplr-Spiiirlli* CluHl.or-Type 

DrilliiiK M:ii‘hiiiL‘. 

JOnuipped with n .s[<iiiiiii]L[)iiiu.ti[; liydraiilii! Oilguar feed nontrullisrJ by a .sinclc foot levor. This ia b 
iiiiiltiple-apinilh; iiiarliiiie nf tlic idiisbiir typi; liaviim Nixtceii 3-iii. adjnatublc HpindlcH BBch having a 
Nu. 4 MorsL* tapi^r. Tin; liujui is drivL'ii by a .'lO-lip v:iriabli;-spi<.Rd iiiiiLnr raiiKing from 300 to 
i.200 r|)in. Tlii! OilgEsir pump slitiwn on tlii' Inisi! at tin* rijthl is drivim by a 3-hp cuiistunt-apRed motor, 
riir trunk iiiid lixtiirf triiuks poniiit tlie luudiiiK iiinl unloading of large heavy pinnoa to be drilled, while 
:u)iith[<r piece is bring drilled, therrby reiluciiig the idlctimeur the iniirliine. The weight iif the oitichine 
i'Oiii|i|ctr with 1*0 ft of trank and twu fixturi* Inii-ks is approximately 4.3,000 lb. 


There are three multiple-spindle heads mounted on the vertical col- 
uiiiii ol the Jiiarhiiie anil two additional uiiit.s each mounted on a side 
hrackot. These siileheads are individually operated by an automatic 
drilling and tapping unit. The loading station is in front where all 
electrical controls are placed, althougli the machine can be started or 
j'iopl^i'd froin tlie front or rear, as there are three sets of control but- 
ti'iis convenieiilly locaterl so tlie operator can adjust tools in any 
position. The complete machine i.s electrically synchronized, making 
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it fooJjiroof so that tiie automatic rotary table cannot be indexed during 
any operation. AVlien all units are in the back position, the table is 
then automatic^ally indexerl, after which all units are automatically 
started on their respective operations. 



Fig. 10. TliP Rorkforil Drilling Msirliiiii' C^o. Vniicai-Typn Hydraulic 
I'immI Marliiiic. 

ArrunKT-Hl with n ihrtM'-stiitifiii iiiiIi‘xiiiK iahli* fur pri»Kif.«nivi* huriiiK DpLTutiiiiiM on a larKo tractor 
ciiNt-iroii Krui-ritsi* liuiKsinu. 1'iilo.'iiliiiK ouil loaiiiiiA; tuki* plarr at lln* first table station. The hole 
thriiiiKh till' liiili i.s hiii-eil anil I hi* liiili is roiinli liiriieii. fai-eil. anil rDUiiterlioreil at the seniind Miatiiin. 
At the thinl statiiin tin* huh' in the hub is finisli luiml ami tiirnefl, anil in ntlLlitiun the lariji' hole in the 
other enil of the ruse is riniKli unil liiiish borci.1. .At eaeli iiiilexinK of the table u Koiir-r.iiNK hoiisinii; ia 
iimchineil with nil the iibuve o|ierLitiiins eoiiipleteiJ. 


At the first working station to the left, the large recess in the flat 
face of the part is counterbored, and one of the sideheads roiigh-coun- 
terbores the long hole in the l)ody. The couiiterbore is piloted with a 
roller pilot in tin* main locating plug. At the second station, five holes 
are drilled in each part of the vertical head, while the sidehead finish- 
counterbores the long hole in the body. At the third station, three 
holes in eaeh jiart are countersunk and two holes are reamed. At the 
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jniirtli stiitiuii, LIiil'p holes lire t*iii)i)e(l in cmcIi pin t whirli finislies the 
ilif'ferent operritiinis requireil. l‘]iicli vertical luultiple heiu! is erjuippeci 
with iianieneil anti f^rounti guiiie bars pilolerl in Mu* fixture thruusli 
hardeneti anrl ground husliings. By this inethoil of alignment the jinsi- 
lions of tiie tools are definitely eontrolhal. 





Fn;. 11. All Kx-Cl*11-0 Cdi’I). Spiu ial Sc'miiiutoiiuitir iMiii-hiiii! with Iiulnxinji!; Tiihif 

anil Fixturi's. 

I'rir ilrillint; ami rL'iiiiiiiiK t^vn liiili.!.s; ilrilliiiK. niiiiiitiT.siiikini;, iiiiil tapiiinK tliri!i‘ liiilrvs; uijuiitBiburiii^r 
upi;iiini;f‘; iiiiil ruiiKli uiiil liiiiNli nniiiitcrliuriiiu tin* Imrri'l ul a iiiiilli'uhh' n^isl-imn stiMTinK-Kfiir 
isliinvn ill tin- iiiHurl. Tin- u|iL‘i'atur is uhli* tu luail ami iiiiloaiJ llii' |i:irts wliih: tin* iiiar'liiiii; is in 
>‘i.iiitiiiuniis u|iL*ratiun. 

In inarhining this nialleahle east-iron ease, drills were run at a eut- 
ting speed of 90 fi)in. The reamers ojieratefl at a eutting sjteefl 
of 60 fpm, whieh is from one-half to three-tiuarters of the drill¬ 
ing siieed. The eounterbore speed is 50 fpin, with a stanilard prac- 
tiee of providing a dwell at the bottom of the stroke so as tn elcan up 
the surface. 7"he tapping siiceil is 40 fpm, whieh is taken as approxi¬ 
mately one-half that of drilling. The feed for the reamers is from 
three to five times that of the drills of the same size, while the cuunter- 
bure feed is from 0.004 to 0.006 in. for this partieular job. This ma- 
ehine is equipped with cam-fed standard heads. 
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A two-way horizontal liyilraulie-fi'i'tl 61-sj)iiKllc' drilling machine, 
Fig. 12, is equipped with twu Oilgear pumps iiiid fetMl cylinders. Both 
pump units are flanged to the side near the end of the maehinc base 
and are driven by motors located on brackets at the ends of the base. 
Tiiese self-eontainefl units are built on flanges suitable for the mounting 



12. A (hrriiliM' IhfitluTS jiiiil Co. Speriiil Two-Wiiy Ilorizmiliil llyilraulic- 
JummI, Mullipli^-Spiiidle, Drillings Marliiin*. 


TliiH iiiaL'Iiini* is arnmiccil witli h thrin*-.staKi‘ pruKi-OHsivr Kxturi' for flrilliiiK lunl luirinK a [■ast-iion 
Rylinili.T lit'.ail. Al Uif finish uf laiirli t*yt‘>lr with this tool, a rtuiiplRlL^ly lirilliMl and hiircil nylimhir lii^ad 
is reiiiuviMl. Hixty-oiii; s|»iiiiJli!s an* iMiiplayad, and a cylinder liL*ad riinvtMj pniijnssNivuly froiii the 
liiwnsl t(j till' hiKhi'si piiHitinii in the iixtnre at each |iass. 


and consist of the variable-tlisplaceinent puiuji and a gear piun|i for 
rii])id traverse, as well as a small built-in gear ])uinp to maintain tlie 
jieak |)ressure on Hie variable-delivery unit. An internal relief valve 
limits the jieak pressure in the system to protect the pump, work, ami 
tools against overload. 

Holes are being drilled and bored in the toj), bottom and spark-plug 
side of a manifold, simultaneously in the three-station progressive jig, 
as follows: 


Top: 


Manifold sido: 
Spurk-|ilu|j; sidr: 
Bollom: 


20— 1 fi.5-iiim-iliaiii. drills. 

S — 21.0 “ " “ for valve VnishinKS. 

2 — ■'in iii.-diain. hip drills for 12 Ihreads per in. tap. 
4 — til}) drills for '-i-iii.-diam. 12 Ihreads per in. holes. 

2-14.5-inni-di.'ini. horiiii;; tools for intake portholes. 

1 —H-niin-diain. lap drill for ?'^in. IB-thread tap. 

4 — 20.5-nini-diam. drills lor spark-plug holes. 

20 — 1 li.o-inin-diam. drills. 


A four-way hydraulic drilling machine having one vertical and three 
horizontal heads, Fig. 13, is arranged with the NATCX) Hydro Imi- 
Power system of hydraulic feed which is semiautomatic in operation. 
The spindles of each head are driven by an individual motor mounled 
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I'lR. 13. A Niitimial Autoinadr Tool Co Ko.n-Wo.v Ilyilniulii’ Diilliiiu Mfti'hin. 
\Mlli Tiuiiiiioii-T\|)i‘ .lig. 


„„ , , ,j .f t... t 1-111 slaiiilunl N\TC() Iniliaiilii unit'. «itli iini'MTtii-iil and 

.l,r,,“'li'"M;:ln;ial hnaiV \ .n.lil uf In ,.ll.x-Ihl,.,. s,„n,Ul-s . mI'I'I'm', m'"."',’."'hi’" 

JIB IS furmsIli'J fui diilliiiB n rasl-iiiiii lMn-«riliT riaiiii'al llii-lali-id M.) |iiu i spi i In. 


on thill hoail. A ^opiinitr niolor in llic roiir di ivc.-s Ihc liydviiulir pump 
ior lurni^llinK traviTM' and to flu- tlirfo lifads. A two-position 

trunnion-type jig i> pn.vi.Ird ior in-rfoniimg tho fnllowiiiR operations 
on a cast-iron typewriter iraine aliout 14 m long anrl 6 in. wide. 

Position No. I (ns sliiiwn) Load and uidoad. 

Position No. 2 — Drill 3 — 0.1 Mn.-diam. holes fur 3 , 5 - 111 . reamer. 

Drills 0.10-1 “ “ 5-40 tap. 

Vertical head - Drill 4 - 0.1S5 " " O.lStMn. reamer. 

Drill I -0.12S5 “ hole. 

Drill 2 -O.UHIS “ holes. 

Righl-haiid head-Drill 1 -0.302-iii.-diam. (N drill) for 5f„-in. reamer. 

Drill 1 — 0.104 “ hole for 5-40 lap. 

Drill 1 — 0.1405 “ " «-32 " 

Left-hand head — Drill 1 -0.302-iii.-diBm. hole for ■■'in-in- reamer. 

Drill 2 -0.104 " “ 5-40 tap. 

Drill 1 —0.1405 ■' “ 8-32 " 

Rear head — Drill I — 0.0K2-iii.-diam. hole for 3-18 tap. 

Drill 1—0.161 " " 0.166-in. reamer. 

Drill 1—0.104 “ “ 5-40 tap. 
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Radial Drilling Machines 

Tin* sin^lo siiinrlli* of ii liirliiil rlrill is iiumntnl in a head which is 
carrieil on a horizontal arm. The arm, in turn, is sii|)j)orted and is 
vertically adjustable on a column about wliich it swivels. The head 
may be moved radially on the arm, and the si)indle moved vertically 
in the head. 

Hailial rlrills are emjiloyed for general utility work. They are 
rigiflly constructerl and are provided with a wide range of speeds and 
power feeds, as they may be used to drive drills Vs in. diam. up to 3 
or 4 in. diam. as well as large boring tools, taps, etc. 

The capacity nr size of a raclial flrill is given as the radius in feet of 
a flisk that can be ilrilled in its center. The diameter of the column, 
as vvc^ll as the radial swing of the head, is imjn)rtant, j)articularly for- 
hi'avy-fluty work. Some of the smaller machines, such as the Ameri¬ 
can Maxi-Speed Sensitive radial, built with a 9-in.-diam. column in 
3-, 3Vi", and 4-ft sizes, an* proviiled with a range of six or eight high 
.speeds from 400 to 2,000 rpm, anrl only three power feeds of 0.003, 
0.006, an<l 0.010 in., as most of the drilling on these machines is done 
by haml feed. It is intended only for a light high-sj)eed drilling, using 
drills up to 1 in. diam. in east iron, or in. diam. in steel, and has 
been designed jirimarily to permit quick handling between drilling 
operations. 

The radial drill, made witli a 17-in.-diam. column and an arm length 
t)f T), 6, 7, or 8 ft, is shown in Fig. 14. Fifteen j)ower feeds are provided 
through the single lever and .small dial on the front of the hearl, ranging 
from 0.004 to 0.125 i]ir of the spindle. This includes five jmwer tap 
leails for 8, 11VI*) 14, 18, anrl 27 threads jier in. Twenty-four spindle 
.speeds are available. Four speed changes are available fi'om levers at 
the left side of the hearl for each of six s|)eerls available'through the 
two levers on the arm near the column. The sjieerls are arranged so 
that there are four rlistinct ranges for high-speetl rlrilling anrl light 
tapiiing, anrl for heavy tajiping, boring, facing, and trepanning. A 
tapping attachment througli which power is transmitted to the spindle 
and which is iiserl in starting, stopping, and reversing the sjundle is 
moiinterl on large thrust and rarlial ball bearings, and runs in a bath 
of oil in an oiltight case. 

This machine is made in a light size with twelve speeds ranging 
from 70 to 1,500 rpm, having,a 3-ft arm and a 9-in.-diam. column, or 
in the triple-i)iir|)ose type with various length.? of arm on columns 11, 
13, 15, 17, 19. 22. and 26 in. diam. The longest arm length of this type 
of radial is 12 ft, with which it is possible to drill in the center of a 
24-ft-diani. circle. 
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Fir. 14. The Aiuerieaii Tnnl Wiirks Ci}. Triph'-PurpoHe, IT-in.-iIiani. CDlmnn 
Rjiflisil Drilling .Miu'liine. 


A i;iin.slant-H|iP(>d intitor rtrivf?s by imiUiiilc V bolt tii tbo Boar-pliuniro box. This unit is iiiuuntiul on 
llif roar nntl of tin; arm. .4 multiplo-way lmx-fy|ii- ill ill jiu is shown mountril on tho bast!. A uoinplBte 
si;t of ilrills, roaiiiHrfi, ami taps is providt^ii lor iiUioliiiiiiiK tlio Rivon port. lOaoh tool is inruintej in a 
Hhiiiik to fit the c|uick-ijhaii(SB chuck carriinl in the Briiiitile. In this way thi; tiini} of chanBiiiK tools is 
kept very low. 


Radial drills may be classified in several ways, such as: 

1. Spnssitivp, liRht duly, high speed or heavy duty. 

2. Fixed or purLiible. 

3. Plain or universal. 

4. Belt or motor drive. 

5. With single. Fig. 14, right-angle, ihree-way, or four-way ha-se. 

6. With plain box, at right in Fig. 14, uni\ casaK .swinging, or swiveling .swinging 
table. 

The diameter nf the column and size of motor vary with the size and 
duty of the radial drill. Fixed bases, Fig. 14, are attached to the 
floor in a permanent position. Portable bases often are provided so 
that the drill may be elainped to floor plates adjacent to work to be 
nuifhined. Track-type ba.«es with either lianrl or jiovvfT traverse also 
ue available with means of clamping the base to the rails when the 
machine is to be used. The single base shown is most generally used, 
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although a second at right angles also is common. These multiple 
bases permit one or more men to operate the drill press, so that while 
one man is machining the work on one base, helpers may set up another 
job on the second base. As a result, idle machine time is reduced to 
a minimum. Three- or four-way bases also are used for this purpose. 

Various types of tables are provided fur radial drills. Tables are 
convenient fur muunting Uie work, particularly when it is small. They 
may serve also as a support for a work fixture in which the work is 
held in certain definite positions for drilling. The plain box table, 
at the right in Fig. 14, usually jirovides two large working surfaces, 
one horizontal and one vertical, both iirovideil with T sluts. This table 
may be clamped to the base of the machine by T bolts. 

A universal table is used fur angular vvtu’k settings. It consists of* 
a base on which is mounted a tilting worktable with two surfaces. 
Either face can be set in a vertical position or to any intermediate 
position. The table is clamped to any angle by two bolts, one on each 
side. Some universal tables also swivel about the base, having gradu¬ 
ated dials iirovided for direct reading. 

Radial drills of the full universal type may be obtained. The arms 
of the full universal machine may lie rotated in a complete circle about 
its horizontal axis and about the vertical axis of the column. The 
head may be swiveled in a vertical iilane on the arm. This feature 
is of special value in setting the spindle for angular drilling or tapihng ‘ 
at any angle radiating from the center of a circle. 

A swinging-box table is sometimes used as an auxiliary base. This 
base swings about the column at one enil and is suiiiiniied on the base 
by a foot at the other end. It can be swung out of the way when not 
needed. It has a top and a side face, each proviilerl with parallel 
T slots. Some swinging-box tables may be swiveled by a worm anil 
crank. Provision is made for clamping them at any desired angle, and 
a graduated scale on a stump is jirovided for conveniiait and accurate 
settings. Round pedestal tables are used in which the top face con- 
.sists of a circular revolving worktable with ladial T slots. These 
tables may be provided with a lubricant trough about tlie outer edge, 
and are convenient for aA erage light service' work. 

On the large machines the end of the spindle is provided with a 
Morse taper shank to take the shanks of drills, boring bars, etc. One 
slot through the spindle is provided at the inner end of the taper, into 
which the tapered driftpin is inserted to drive out the shank held in 
place by friction. A second slot is placed nearer the end of the sjiindle, 
so that a locking pin may extend through the siiindle and tool .<hank 
to support the tool. Often the tools are very heavy, and the head may 



DRILLING MACHINES —DEEP HOLE 


293 


bi’ rapitl Iraversud and tlic sinndk* Inwrrcd tu engage the shank of a 
» 1 ) 1)1 on a truck or tabic. The tool is carried to the working place and 
returned to its storage position alter use. 

Various tyi)es of power drives for radial drills arc being used as 
follows: 

1. A belt drive to tiglil and loose pulley, driving through a rhange-gear box. 

2. Ht-ll drive to eoiislanl-speed pulley, rlriviiig Ihrough a eliaiige-gear box. 
A ilriving eliilch is between the singh' pulley and (he gearbox. 

3. Direet-enmierted. variable-speed iiinlor drive with the nintrir luoiinled bark 
ui' I he eoliiiiiii on an extf'iision to the l)ase or on the arm. 

A i-oiislaiit-sjii'eil motor driving thioiigh a geaibox, l)i>lh mounted back of 
the lohimii on I hi' aim. Fig. 14, or on an extension to the base, the motor ri'plaeing 
I lie l■onslaIlt-speed-dri^■e imlley. 

5. A eonsiaiit-spi'ed motor drivi; on the arm, with all ehange gears for speeds 
and feeds in ihe head. 

The must pui)ular modern drives arc numbers 4 and 5. 



Fin. 15. The Pratt and Whitney No. 1 Two-Spindle Deep-Hole Driller. 

'rhis iiijirliiiii! is built in twn sizes; one witli a. fi-ft bed for drilliiiK lA^U, in. dpioii, and thn second 
witli II bed for drilliri 4 * h decii. The innchine ronsisis of a loin? rigid bud, a fixed liead- 

stiH'k III tlip lefl enii which rutatits the vvnrk, a ciiinbiiiatiun drill giiiile and wrirk-HU|)|nirt curriaftB 
luniiiiteil in the center of tlie bed, and a drill eurriagu at the right end of the bed. 

Drilling Machines — Deep Hole 

A liurizontal-type, twt)-spindlc, dccp-lmlc drilling machine, Fig. 15, 
may be adapted to a wide range of work, such as drilling rifle barrels, 
linllow spindles, bridge pins, boring bars, printing-press rolls, automo¬ 
bile crankshafts, camshafts, stay holts, etc. 

When the drilled hole can be relied upon to produce a clean true hole 
f'onccntric in its length with the outside diameter, it may be roamed to 
exact size with a good finhsh. Higher speeds and feeds may be used 
when less accuracy and poorer finish are allowed. 

The drill guide and work-support carriage has a hardened bushing 
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wliieli iiiiU’liiiuMl til fit unfl supjiiirt. (ini' I'lid of the work Mini, iit the 
.siinu: time, fzjuide tliu drill tip iind shmik. A siii^lc-lip oil-tuht' drill 



I''ir!. Hi. Typifiil SiiiKli‘-I''luh‘ Oilhiili^ Drills TsimJ iii tlii‘ Piiitl aiifl Whitney Deep- 

llcilr Drilliiiii; Marhiiu*. 

The iiiNert .shijM'N ilie hi^li .»|iiM>rl etecl lirill tip wliieh is ehM’trimlly wi^IiIimI trj the luii^ holluw mhank. 



Fin. 17. Till* Priilt iiml Wliihiry V'eitii-al Six-Spiinlli* Di*e|vHuli* Drilling ^Ta,rhinc 
Seluj) lor Drilling Oillioles rroiii tin* C-rankpin to the Wrisl-Pin Bearing of a Forgeil- 
St 1 * 1*1 Gunner ling Roil. 

Thin friiiil viimv sIiiiwh tlii' fiiiir li'lt .xpiiulle.s iiirlimiMl eiirryiiiK lihinks heiiin [lrilli*<( in various staffea. 
The sixth st^liiin rroiii (hr left is reiiily to rereive ii blank. Tlie (iflh station has just been limdud. 
The rnniieelina roil rests nn iliMvel pins at the biittniii and a renter nr the tup. Thi' work rutates anil 
in fell slowly downward onto the slationury vertical drill. A * 4 -iii.-diuiu. hole 8 in. luiiK is IteiiiK drilled 
every 071 a 


ia used, Fig. Ui, tlirniigli which the cutting nil is forced at a pressure 
of several hundred pounds per square iiicli. This drives the chips 
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back through the single flute. The oil and chips leaving the work arc 
carried through the bushing into the interior of the work-support car¬ 
riage, and thence to the pan under the bed, where the oil is screened. 
The machine provides three spindle sjieeds from 1,250 to 2,500 rpm. 
Tlie feed-change gears, located in the headstock at the left end, feed 
the drill carriage on tlie right end of the machine with the drill to the 
left. 

The six-spinflle, vertical, deep-hole driller as adapted to the drilling 
of lubricating oilholes through connecting rods from the crank to the 
wrist-pin bearing is shown in Fig. 17. This machine consists of a 
heavy cast-iron bed on which is mounted a rigid column. This column 
carries the six work-spimlle slides, togr*ther with their iinlividual drive 
niechanisms. The six drills remain stationary and are mounted ver¬ 
tically on the bed beneath (he spindles with the point upward. The 
spindh's rotate the work in the fixture at the desireil drilling sj)eed. 
They are fed downward independently by power carrying the rotating 
work to the stationary drills. 

This amounts to six indei)endent machines iind(*r (he control of one 
operator. Six high-iiressure oil pumps, one for each drill, furnish the 
cutting oil under high i)ressure through the drill to its j)oint. 

BORING MACHINES 

Jig-boring machines: These nnichines are used to bore or finish 
Imles in work such as drilling jigs, iiiidlij)le drilling-head ])arts, anil 
ilies, which are very accuiately spaced. They drill, bore, or ream as 
ref|uired. 

The Swiss jig borer, Fig. 18, has two inilependent working spindles 
exactly fi in. aj)ait. The main siiindle for laigei- work has nine work¬ 
ing speeds arranger! in geomelrical pj’ogression from 45 to 400 rpm. 
The small or high-siieiMl sjiimlle has nine speeds ranging from 212 to 
1,870 rpm. Three jiuwer feeds of 0.003, 0.005, and 0.008 ipr of eaeh 
-piiulle are provided. The main sinndle has a No. 4 Morse taper 
socket, and the high-s])eed .sjunil^ a No. 1. 

For locating tlie work with respect to the spindles, two aceurate lead 
screws arranged at rigid angles are jirovided. One traverses the table 
longitudinally on the bed, and the other traverses the head transversely 
mi the rail. On the outer eml of each lead screw is a large micrometer- 
reading drum which can he used for setting the table to 0.00005 in. 
accuracy. These drums are turned by large handwheels remotely 
placeil so as to eliminate the influences of heat from the operator’s 
body. 

In order that the accuracy of the jig-boring machine may be even 
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Courlesu Soru'tv Grupvtiisc il'Inulnunentj) de /Viiyjuir/'uc. 


Tin. 18. Tin* I!I32 Mnilel of tin* No. S-B Sip Prrfisioii JiK-BoriiiK Mtirliim*. 

I'hiM IuIjIi? is mnviilili' Idiipitiirliriiilly on tin* fiMvl bnil, ami llii' hrini i.s iiiovubh' trnnHVL'rsnly [in u mil. 
TliP miitiim of i^arli is l■l)nfTulll!ll by u vi?ry aiTiiruti’ li*iiii .srrpw tiTininatinK in u liirne luirrnnir'ti’r 
roatlinK ilriiiii iii tlip front of thi* tnblf iinil rinhl- i*nil of llir i‘ri:iNNurtii. This inTiiiit-s iilarinK thn work 
ucRiimtr.ly undiT ihf siiindli' to within (I.UOlMto in. The ii)iertttiiin shows it sin|KU'-]iijiiit boriiiK tool 
iiiiiuntuil ill uii niijiistublr linrinK liruil fur boriiiK hub's in u li'iuplpt pltiic. 


liigher than tliat nf its rart*fiilly iiiade loail srrews, t'arli load sorow is 
fitttMl with an aiitninatic rurrerting devioo. U lioii the inaeliine is rnm- 
pletely assembled, the errors in the motion of the Avorktable and head 
arc measured with extreme aeeurary by eomjjarison with a standanl 
scale. The curve of the error as found is reproiluceil to a magnified 
scale on a strip of hardened steel. These strij)s, one for each lead 
screw, are fitted to the lower left eilge of the worktable and the lower 
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i'llgt* of till* cross slide. A small lever follows the jirofile of the eor- 
iccting strip and transmits to the Vernier of the reading drum the 
corresponding motion. This furnishes an immediate correction for 
every position of the worktable and cross slide. A dial-indicator 
ilevice, in combination with a circular table, is used to set up the work 
t'llge to a position parallel to the lead screws. The work having been 
clamped firmly to the table, the point of the dial indicator is run 
along the eilge of the work as the table is slightly rotated until the 
fluctuation of tlie dial gagi* becomes zero. This eliminates the neces¬ 
sity for hmsening the work anil shifting it about. 

An inclined microscoiie may be attacheil to the end of the spindle 
for locating accurately the center of the spindle over the eiige of the 
workpiece. The cross lines in the microscope coincide with the axis 
of the sjnndle. Accurate holes of standard size are successively borefl 
hy the end mills, which liave nearly perfect concentricity and are within 
0.00008 in. true size. The cutting is done* entirely by the end of the 
mill because of the slight back taper. The holes are originateil l)y 
drills which leave 0.01- or 0.02-in. stock for the end mill to remove. 
^^’lIen the holes are not standard size, the adjustable boring head with 
a single-])oirit boring toid is used. 

There arc three general methods of locating hole centers on these 
machines. One is to use an automatic center punch ilevice. AVhen the 
'ork is pro|)erly iiositioned uniler the center of the spindle, a center 
point of the punch device, raiseil by a cam action against a heavy 
spring, is released to mark the s])ot. A second method more frequently 
used, esjiecially for steel pieces, is to mark the position of the hole by 
center drilling or by the use of a combination countersink and tlrill 
mounted, usually, in the high-si)eed spindle. The third method, used 
quite generally on cast iron, is merely to diill the hole without prv- 
liminary |ilotting, leaving 0.01- or 0.02-in. stock to l)e removed by the 
standard accurate end mill. The end mill rectifies the hole as to 
'•osition, direction, and roundness. It is customary i)ractice to drill 
idl holes first and then bore them all without changing tools back and 
forth or checking locations between the successive holes. The accu¬ 
racy with which settings can be rej)eated on the machine makes this 
practice feasible. 

The button method is in common use by toolmakers for locating the 
imsition of holes. This irn olves fastening with a screw a small, hollow 
cylinder of hardened steel in a position on the work concentric to the 
hole to be made, as deterinined by micronictcrs or dial gages. The 
button, after being lined uj) accurately under the cutting tool, is rc- 
itioved and the hole machined. 
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Fia. 19. The Pratt and Whitney Co. No. 2 Ji|;;-Boriiig Marhine for Work Reiiuiring 

High Preidsioii. 

The iuble is inovnlilp liiiifijiiidinnlly mid trnnHvnri>ely by leitil hrfrwh nperuted by the larKc Imiid- 
whindH at the Hide and fniiit. These lead nereu's are fur niiialily pusititnuiie the wurk under the teuL 
The final HottinK in iiimJe iisiiiK the Hlow-iiiiitiriii hanilwhiud fur truuHverse mid loni;itiidiuul nettinis in 
eunneciiun with tin; iirecisiun lueaHurin^ rods and dial Ka^e. 

A jig borer with a fixi'd-bcil, i)])cn-sidc cimstrurtinn which increases 
the range of its work capacity, makes its operation convenient, and 
provides a strong, rigid table and work support, is shown in Fig. 19. 
Power is transmitted to tlic spindle from a large variable-speed pulley 
at the rear and base of the column through a friction clutch controlled 
by the lever at the left side of the sj)indlc. 

Power is furnislied to the machine through the single-pulley drive 
at the base. A speed gearbox provides a total of eight spindle speeds 
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ranging from 37 to 492 rpm. A high-speed drilling and boring attach- 
luent provides an additional range of eight speeds from 137 to 1,820 
rjnn when attached to the s])indle. 

The feed gearbox, operated by a train of gears driving a vertical 
shaft from the spindle to the head, provides four feeds ranging from 
0.0025 to 0.010 ipr of the spinrlle. The sliding spindlehead is clamped 
in any iiosition on the column by binder bolts. The spindle quill in 
which the si)indle is lioused has a maximum vej’tical travel of 9 in. 
Graduations on the face of the quill permit boring to a derinite depth. 



end measure for measuring even 

iNCHtrS ' 

AOJOSTAELE fno measure 

Sion MOVES LONi'.tTuOI’ 

NALLV WITH TABLE 


MICROMETBRb 

? i dial for 
t measuring 

■H; A TENTHS 


SAOWMOTION MANUWHEEl. K-vOM For BNGA&iNS 
FOR ( F.tCiSE positioning RaPiD-TRAVI RRfc OR 

iyF TAnCK Sl.ow motion handwheels 



^rG. 20. A Close-Up View of the Precision Setting Tool liseil in the Final Setting 
of the Table for Machining Operation.^ on the Pratt and Whitney Jig Borer. 


Oiii‘ (iJ these setups is loRaleil mi ilu> riKht enrl uf the table liirihi: li)ii|i;ituiliiial adjustments nf the 
Liihlt*, wliile a siM'iJiiil .similar iiiiMsuririK ilevicu is located on the Iruiit uf the inaeliine fur the transverse 
adjiit^Mutaits uf the saddle. 'I'he talile i.s iiiuved iiuiekl.v in botJi ilirertiuns by large screws which 
hiivc niithiiiK ill dij with the aecuracy uf ijusitioniiig the table, .\cciiracy tu 0.0001 in. is cuntrullcd 
entirely l.iy the end iiie.asiirers, inside inieri/iiielers, and indicator dials. They keep a positive check 
oil the pusiliuii uf the table at all times — before, during, and after buriiig. 


The spindle nose is equipped with a No. 4 Morse taper and is shaped 
to take collets. 

The table may be moved longitudinally or transversely, but during 
accurate machining is locked to the bed. The table is traversed 
I'apidly in both directions by double-threaded screws operated by 
liandwhecls on the front and side nf the machine. These screws are 
used only for moving the table which is accurately set transversely 
ibid longitudinally for machining by means of end measures, inside 
micrometers, and indicator dials shown in Fig. 20. Fine setting nf the 
table is obtained by means nf the small, slow-motion, knurled hand- 
wheels which operate tlie traversing screws through worms. Measur- 
mg rods and dial gages also are used im vertical milling machines for 
accurate hole boring. Drill presses or vertical mills provided with 
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universal tables, for longitudinal and transverse displacement, also are 
used extensively in less accurate jig-boring work. 

Precision boring; Precision-boring machines for production work 
are made with vertical or horizontal spindles. Single-point tools of 
diamond or sintered carbide are generally used. They operate at very 
high speeds and fine feeds to produce accurate smooth holes in parts 
such as bronze bushings, aluminum alloy piston-pin holes, and con¬ 
necting rod i)in and crank bearing holes. 



Fill. 21. Tlii^ ICx-Cnll-O Lmp. DianiDiul Boring; Murliiiii* 8(*1 Up for Rough anil 
Rririiig ii l-iii.Hliiiin. Pi.s(iiii-Piii Huh? in Pisloiis. 

OiiLi innii. opi'nilinK Iwn inui'liiriiiH, rnuKli- uiiil fiiii.sli-hr»ri?M 2,’i0 |ii.stons piir hr. Thu iiiMpcntion of 
thmi' piMl.iiii.u NhrjWH htiluH aru. within thu rnllnwini; t.iiluraiiRUN: D.DOUl In. lur nut of runnel, 

HtraiKlilnr'NN, and ilitnnutpr. 


A liurizontal tyjie is sliown in Fig. 21. The three parallel high-speed 
spindles are nnumted in lirackets carrie.d on rigid bridges on the right 
enii of the bed. The rotor id' tlie horing tool driving motor is dynaini- 
cally halanceil anil luminliMl directly on the spindle. It is rated at 
•Ui hp and rotates at 3,(i0() rpm. The table earrying tlie fixtures in 
the center ol' the niaehiiie is the mdy moving part. This table is 
operated by a specially constructed low-pressure hydraulic system 
whereby an extremely .suionth and vibratiunless action is obtained. 

A 2-lip, inelosed, ran-eooled motor with double shaft extension 
drives, through flanged ciuipling.s, a .special ball-bearing, geared oil 
pumi) at one end and a geared cutting-fluid pump at the other. 

On tlie front o[ the table is a T slot in whirli the feeding-valve oper¬ 
ating dogs are mounted. By means of these dogs, the operating cycle 
may lie changed easily to suit any reriuirement. 

A hydraulically oiierated fixture for rough and finish boring the 
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piston-pin holes of three pistons at one handling is shown in Fig. 21. 
The fixture has tliree cylinders — one cylinder opens and closes the 
tup, one cylinder operates the locating fingers for aligning the pistons, 
[ind one cylinder actuates the clamping mechanism. The operator 



Fir.. 22. All Iiu;Rrs()ll Milling Marhini* (/i). Eiirhl-vSpinilli' ( Vlinilri-iSDrinK Manhinu 
ior UuukIi untl Finish Ihiriiig tin* Eipht (VliiiiliMs ul' an Autoniubile (vylinilRr Blurk 

al Oiir Sri up. 

Thi! rylintlnr hhick is kIiuwu muunted in thi* fixtun; ut. tlin Iiiwi't niiiJ nf tin; huriiiK Imrn. Thin lixtiiri: 
niirryiii^ thp bloL-k Ls furi;t;il ii|ju'Hril hyiiraiilirally iiKuin.si tlip hiiriiii' ttjiils. Tkr, npriratur luailH tin; fix- 
tiirr and Htarta the machine, whirh irauBiis tlir wurk tii appruanh tliB niitterH ipiirkly, uiigaKi; Ihe Ruttini; 
ftnid, and at thu riid nf the Htrnke return t« ihi; atartine point. 

loads three pistons into the fixture, and, by pressing the electric push 
button at the front of the fixture, the automatic six-way hydraulic 
valve, located at the back side, is moved through its operating cycle. 
The first action of this valve is to operate cylinder No. 1, closing the 
fixture cover, which contains also the clamping mechanism. The cover 
clooes down on the piston, holding it tightly in place. 
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WliRn this actiim is completed, cylinder No. 2 moves the locating 
fingers forward, aligning the rough piston-pin hole with the spimlle. 
This forwanl motion of the locators also automatically locks the table 
and operates the valve sci the macliine cannot be started while locating. 
Cylinder No. 3 now coinc's into action and clamps tlie jiistons from the 
inside of the skirt firmly in the locating bushings. CCylinder No. 2 
then starts on its return stroke, withilrawing tlie locators and starting 
the table on its cycle. The fixture move,s the work to the roughing 
spindles in fast traversi', changing to a .slow cutting feed suitable for 
rough boring. After rougli boring the front jiart of the piston-jhn hole, 
the fixture moves across the gap to the rear hoh‘ at rajiid traverse and 
then again changes to the slow cutting feed for rough bfiring. After 
boring the rear [lart of the hole, the table reverses, withdrawing the, 
W'ork from the tools at rajiid traverse. This brings the pistons up to 
the finishing s[)indles, on the other end id‘ the bed, which were started 
when the table reverscjl. After finishing the holes, the table reverses, 
anil returns to the center where it stops anil automatically closes a 
sw'itch which again starts the automatic six-way valve to release the 
clamps, juishing the jiistous about 2 in. above their seats to be re¬ 
moved and new pistons reloaded. 

A h(‘avy-fluty vertically inclined eight-spindle cylinder boring ma¬ 
chine for rough and finish boring at one jiass of the work is shown 
in Fig. 22, This feeds the work upward to the boring bars by means 
of a hydraulic jiislon on each end id’ the boring jig. The boring bars 
are piloted both below and above the work. Hardeneil inserts are 
provideil in the boring bars above the finishing cutters to jirevent waair 
and to facilitate the replacement of worn parts. The cutters consist 
of inserted blades held in the bars. The roughing tools finish their 
operation before the finishing tools are engaged. 

THREADING MACHINES 

Thread-cutting machines: Internal and external tlireads may be 
cut on work with cutters held in hand tools, Fig. 23, hand power or 
portable tools. Fig. 24, or machine tools. The machine tools may be 
horizontal, Fig. 25, inclined, vertical. Fig. 28, and single sinndle, or 
multiple spindle. 

Threading machines may allow the helical teeth of the threading 
tool (tap or die) to establish their own lead after being started in the 
w'ork, or the threading tool may be fed i)ositively on the work at the 
required lead by a lead screw. 

The work can be run over the taj) onto the shank in through tapping, 
as shown in Fig. 28; or after the tool has threaded the w'ork to the 
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required distance, the work or tool must be reversed and backed off. 
There are several ways of reversing the tool or work. The lathe and 
some drill presses reverse the spindle to withdraw the threading tool. 
This may be done by having two driving clutches, one for forward 
speed and one for reverse. Tlie one desired is engaged. Many stand¬ 
ard drill presses have built-in reversing or tapping attachments which 






r > A 


Kifj. 23. The Tfilfnh) TliriM*-Way llainl ThreiidinK Pijjc aiifl Comluit. Die Holiler 
Usfrl ill (billing :i Long lUinning Thread on a ^-in.-diam. (’uiiduit. 

Thp Tiiledri iiinlli;u.l)li* uii.'il-iriiii fiipi* vihl* in iit.tuchiMl iii u piirtabln wiirkhp-nnh. The vine jaws ae- 
eoiniiiudate theiiuelve.s tu any irregular aliujie and will cltiinp anything that will gu iiiaidi: the viau. 


drive the tap forward when Uipihng, but reverse the sjiindle to with¬ 
draw the tap when it is lifted. Most radial drills have standard 
l)uilt-in reversing attachments, but in upright drills they usually are 
classed as an extra. A reversing motor often is used tu change the 
direction of the threading tool at the end of the threading operation. 
Vuxiliary tapping attachments, as siiown in Fig. 37, may also be used 
ill connection with standard drilling machines for threading where the 
tool has to be backed out of the work after completing the threading 
operation. 

A hand stock or wrench to hold dies for threading pipe is shown in 
Fig. 23. This is a three-way stock, so that dies of three different 
sizes are available as required on any piping job. A small set of 
taps and dies, together with a hand wrench for driving the taps and 
a hand stock for holding the dies, is shown in Fig. 83. 

A small portable electric tajiping machim; is shown in Fig. 24. This 
machine, made for variou.s voltages, is designed for tapping 
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hnlos up to in. cliani. in steel, % in. diam. in cast iron, and in. 
diarn. in brass or aluminum. The tapping speed is approximately 300 
rpm with a faster reversing speed. When the tap is pushed into the 



Fio. 24. Blark and Diu-.kiir No. 2 H.-ill-Braring I*orhibli; EliM-tni; Tapper De.sigiied- 
for Tapping Tiiri^ails in Stiud, ('a.st Iron, Bi-itss, v.iii. 



Fia. 25. The Miirehey Machine and Tool Co. SiiiBle-Ilead Bolt and Pipe-Threading 
Machine, losing Tangential Chascr.s. 

The Binaller Nu. 11 inachinn will produce NatiunnI coarpe threads on holta from ^ in. to I in. diam. 
The aeir-Dniitiiiiied 2'hp iiintur pniviiles flexible epeeils fniin OH lo OOIl rpiu. The work is clamped in 
tlu* vise by the handwheel at the left. The carriaffe » hand-fed by the handwheel in front operating a 
pinion ciiHOKinK I'he ruck. Accurate power feed it* obtmnuil throiiKh the lead screw. 


hole, the rohitinn is riglil hand, but is turned to left hand when the 
operator pulls backward uii the machine to withdraw the tap. 

The horizontal bolt ami pipe-threading machine, Fig. 25, is made 
having one or more spindles. The die head, equipped with tangential 
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chasers, is self-opening and -closing for any desired length of thread. 
A vertically and horizontally atljustable vise is provided so that the 
work of any shape may be centered with the die head. The vise is 
mounted on a carriage power fed by a lead screw to and from the 
head. Various power feeds of the work and speeds of the dies are 
l)rovided. In other machines of this type the work is held stationary 
while the die rotates and is fed along the bed on the work. A reversing 
motor makes it possible to cut right- or left-handed threads. A cutting 
fluid of the i^ulphurized-oil type usually is forced to the die from a 
pil)e or through the spindle. 



Fill. 20. The Cuttiiig-OfT Head on 
the Ti)l(‘do Pipc-ThreadinK Miichiiic. 

This shriwN tin* fuiir ilniihli* inlm* hit'll .s|il*pi1 
stL't!! ciittprs whinh i:iit .siinultuiinnuHly lus lluy 
urn fml in ruilially liy iiiiiiiiis nf tin* rati^hi't 
handle at the This is fur inittini; iilT 

1-in. to 4-in. standard ijiiJO. 


27. Tlii^ Toli>ili) I’ipi'-Thri'ading 
J)iu At( acliinl ill Friuil uf the Cutiiiig- 
Oir 11 mil. 

Tin* dii* is closed hy tliu lever and topeln at 
tin: top and is in (losition fur threadinK- At the 
end of the cut, tin* tD^^rli; Irvnr in rniscil, thereby 
npenine the head, i.r., radially withdruwiiiK the 
six chasRrs, fur biickiiiK ufT. 


The heads of a cutting-ofT and pipe-threading machine are shown in 
Figs. 26 and 27. Six spindle spceils arc available from a 3-hp motor. 
The high speeds are for rutting off and the low speeils for threading. 

The machine has a caiuicity for threading a standard pi|)c from 1 to 
4 in. diam. A separate set of dies. Fig. 27, is available for each size of 
pipe, thereby insuring proper rake and relief. Four chasers arc pro¬ 
vided in the die for the 1-in. and jiipe, and six chasers for larger 

sizes. All .speed.s are available in either forward or reverse direction. 
Standard threading times are as follows: 2-in. jiijic threaded in 18 
see.; 3-in. in 30 see; 4-in. in 42 sec. Cutting off times are as follows: 
2-in. pipe cut off in see; 3-in. in 7 sec; 4-in. in 9 sec. The cutters, 
Fig. 26, may be sijuare ended nr beveled so that the end of the pipe 
cut off is ehamfered to facilitate subserpicnt threailing. A 2-in. high¬ 
speed machine for threading pipe from Vs to 2 in. diam. provides 
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cutting-f)ff speeds of 134, 204, and 336 rpm, and threading speeds of 
40, 60, and 100 rpm. 

The National .semiautomatic nut tapper in Fig. 28 will tap all sizes 
of square and hexagonal nuts from to 1 in. diam. Larger rnarhines 
have greater eai)acities. The taps are lowered gradually at a rate 
equal to the lead of the taji, thus eliminating sudden and violent tap 
strains. By introducing eight spindles in this design, or more on the 
larger machines, the machine will maintain a pace to keep one operator 



CouTle»]i .Vn^itina? Marhinery Co. 


Fig. 28. Thii FiMnliiiK Tahir anil Nul Pan of Ihr Nalional 1-in.-Capacity, 
ICiglil-Spiiifllc Sciniaulninatic Nut Tapper. 

J']urh spiiiilln mrryiiiK a tuppnr tiij) ih raiund niul liiwL'!rL*il niitninntir.ally by a 3-Htup cam. The ciiinB 
un; liiiiml hij tin; Hpiiulli;$« rise anil Iiiwlt in ciiiit^ri'iitivi; iirtlnr. Eui'li stijp nii thR ctmi furni.HhE;R a 
ililTrrc.nt HtiiyiiiK ur riiwiMl t.iiin* of tin* Mpindli' to uippt tlip iippils of tlic iipprutur fur fpiMlinK- Tin; 
iippriitiir niprply nIiiIpn Hip niilx fmiii llip pan intci thp niit K>i>dpM unil, wIiliti tin* Hpiiiillp in ruiNPil, piishoH 
llip riiw of iuil.8 fiirwiinl iiiidpr tlip lap. Thi; nut blank.s fped uvpr ihi! tu]) mill nrp. RollectPil un tin; Idiik 
N liaiik. WliPii iliL* Nhunk In full, iliu tup is ruinuvcd fruiii tin; rJiuck, the nut^ tukun iifT, and the tup 
rucliiickud. 

constantly bu.sy. The s|)iiidle.s ran hv adjusted vertically to suit vari¬ 
ous lengths of taps, and the taps can be removed for unloading the 
nuts or inserterl again in the sfickets while tlie spindles are revohung. 

The Holmes Engineering Co. semiautomatic tapping machine has 
four or six nearly vertical .‘^jniiilles operating together rather than suc¬ 
cessively as those ol' the National nut tapper. It is used to tap parts 
in quantities Avhere tap reversal is required. There are two sets of 
fixtures carrying the work for each .'^pindle. While the work in the 
fixture engaging the taji is being machined, tliat in the second fixture 
is being replaced. AVhen the first lot has been machined, the second 
fixture is shifted into line with the spindle and machined. 

The National NIachinery Co. automatic taiijicr using a 90-deg-angle 
bent tap for continuously and automatically tapjiing blank nuts is 
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shnwn in Fig. 29. The feed chute and nut holder arc cut away, and 
the tap holder is open to show the oj)eration. The tap spindle has a 
short lateral travel. After the injector has received a blank from the 
chute and fed it into the nut holder, the spindle advances and forces 
the tap into the nut during the completion of the tapping. 



Courtesu Matinnal Mnrhuicrjf Cn. 


Fin. 21). Autumatifjilly Tapping N’uls Tsinir u liciil Tap. 

A RlriHivup viiiw uf the hiMid ur tiiri Imliler (ipeii kIiuwh liuw ilin tap is .siipiiorted unil lieli.1 rantral by 
t.uppeil nuts. The hn|ipnr at the iiiiper left i.s liileil \vith hi)t-pn:!S(<iMl i)r (-ijlil-inini’hiMl ami hlankerl iiiitH. 
They are fed anluiiuitirally from the liiipper driwii the feed eliiite tn the iiijertur wliirh, by li reeipnieat- 
iiie iiiiiveiiient, fueiti the blanks uiie at :i time iiiLii the nut Imlder nnti) the rnluliim tup. The tappiol 
nuts puss up the shank uf tluft taji and are ejected iilT the. end and full frmii the inacliine. 

These bent-tap nut tapjiers are built in a complete range of sizes in 
order to handle most economically all sizes of nuts from No. 1 tn 
1 in. incl. They are geared to run a ta]) at a .s])eed of 3,000 rpm on 
No. 2 brass nuts, giving an oidput of 300 nuts per min, to a taj) speed 
, of 125 fpm on l-in.-diam. steel nuts, resulting in an oiitimt of 7-12 
per min, depending upon the number of threads per ineli. 

As a rule, carbon-steel bent tajis are used by llie majority of nut 
nianufarturers. For closer lit nuts, grounil high speed steel taps are 
frequently used. 

The spindle in the high-speed tapping machine. Fig. 30, is fed by 
an air cylinder. Low-pressure air is useil, ami suitable controhs allow 
adjustment of feeil and jnessurc reciuired. Sensitivity of adjustment 
^synchronizes the feed with the lead of the tap, and tap breakage is 
practically eliminated. The cone clutch in the head drives the tap 
in the forward cutting direction on the down stroke and automatically 
reverses the rotation of the spindle, at a 2 to 1 ratio, on the up stroke. 
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Tlu'^i* nmchini'^ nrv (Ir^iKiiuil tn vowr variniis ri«nsi‘h. The No. 1 
tapping inurliiiio, illu^trutcil, has a rajiarity nl 'jui in. (or No. 10 tap) 
ill .stiH‘1, or Vi in. in faht iron, almiiiniiiii, rlii* ra^t metal, or bratsS. 



Coiiitp^lt Smut \fanuf04 Iui‘i7\g Co. 


Fin. 30. Thr No. 1 Aii-()pmiti*il, Eli*rtiir*iillv Gonliollril, Aiitoiimlii' Tapping 

Miii'hinr 

\ \ i>4i' linliliim till' Miirk i\\\\\ 111' i|i]ii'k iirtiiiiE iind upcrutL'il uutniii,itiLuia m'iniauliiinutii'alU iir 
iiiiuiuiilU sn (liiit parts fi'il I'lthi'i li\ IkiiiiI hi fiuni iluils iiiafEa/mi's iii hiippiTs i an lip thri'acli'il taiipml, 
nr ilrilli'il ill \ m IukI) lati's Tlir iiisi'it ut the IKt shiiMs u ipiirk-.ii Iiiik > hi iiiiuintL'il iin thi' taliU' uf 
till' iliilliim iiiai'liiiii' fur i rnss iliilliiiK a liaiiillp Unit' iii tin* lii'.ul uf u si'ii’w Thi' iiiii'iiiii^iti'li to tlii' left 
uf till* iliill (li>iw nut ulluw till' L'lilliiiic ijperatiun tu itiirt until the ivoik is |)iii|>prl> iluiiippil. 


Holes ran bo tappoil as fast as the parts ran bo jirosontod to the tap. 
The followinp; example illllstI•ato^ the proper estimating, of produrtion 
possibilities on these maehinos. 

Tlie speeti at whirh parts ran bo tapped is determined by two factors, 
such as the actual tapping time (cycle time) and handling time. 
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The artual tapping Lime may be determined as follows, being given the material 
of SAE 4140 steel, the tap size of V 4 - 2 & and the tap depth of Va-in. full thread 
in a through hole. 

The spindle speed must be an estimate based on the various eharacteristies 
involved — style of tap, type of cutting oil, type of niaterial. percentage of thread, 
etc. For the HAE 4140 steel, 40 fpm or 611 rpm would apply to give 10 rev per sec. 

The number of revolutions reipiireil for the 'ij-in. depth is 14 luins ami for 
the reversi^ (2 to 1 ratio). 7 turns. An allowance for clearance, clianifer, etc., 
is 7 turns, to give a total of 28 tuiiis. This would inditaite that the total actual 
lapping lime should be approximately 3 sei;. 

The handling time is dideriuined by the size and shape of the part and the 
type of fixture to be usimI. hand feed, claini), index, magazine feed, etc. In the 
event that an air clamp fixture is used, such as that illustrated at the left in Fig. 
30, the handling time would be approximately IV 2 sec. The total time for the 
job would, therefore, be 4'/j sec. The result is a pioductinn estimate of 800 pieces 
per hr gross. 



Fin. 31. The 1^ .1. .Manvilli* Machine Cii. No. 1-H Tlireail Holler. 

Multiple adjustable-spindle tapping machines uflun are used for 
bipping .small holes in a jiart sueli as a eylimler bloek or bousing, 
rapping and threading also are rlone frequently alone or in conibina- 
if>n with other maehining operations on bar stock in screw machines 
d the hand or automatic type, as described in Chaps. XI and XII. 
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Thread-rolling machines: The; practice of thread rolling also is 
used extensively today in manufacturing screw threads. Bar stock 
of the nominal diameter of the holt is first ui)set to form the head, 
after which the licad is: trimmed to shape. Just before trimming, but 
in the same machining setup, the shank is extruded or drawn out to 
reduce to the pitch diameter that portion on which the threads are to 
be rolled. The screw blanks with trimmed hearts and extruded shanks 
are fed to the threail-rolling dies of the machine shown in Fig. 31. 
This thread-rolling process gives a threarl of cold-worked material 
which is strong, smooth, and accurate as to size. 

ATTACHMENTS AND ACCESSORIES FOR DRILLING, 
BORING, AND THREADING MACHINES 

A wide range of accessories is reriuirerl in th(‘ varierl wr)rk pertain¬ 
ing to drilling; boring, reaming, ami threarling. The acc'essorii's most 
generally used come under (he heading of chucks for holding the fools, 
vises for holding the work, jigs or fixtures used to hold the work, 



Courtesy Jacobs Manu/arturiny Co. 


Fin. 32. A Pluin-Boariiig Drill C'hurk. 

The body is provideil with a threaded liule ur a plain tapered hole in which is fitted the drivin^E taper 
shank whiidi, in turn, en^agi^j the spindle uf the inaehine. The uiitcr Hlocve is furccd untu the driving 
nut. 

multiple-drill heads for increasing the nuiiiher of spindles and tools, 
speeding-up attachments, and tapping attachments. Various types 
of the above are illustrated and described below. 

Chucks for Drilling, Boring, Reaming, and Threading Tools 

A variety of types of chucks is used for holding the rutting tools 
in drilling, boring, reaming, and threading. Figure 32 shows a plain 




CHUCKS 


311 


self-centering drill chuck used for holding drills, taps, and rcamors 
having cylindrical shanks. A key, having a T handle and a juloted 
small bevel gear the teeth of which engage the teeth of the sleeve, as 
indicated, is used for turning the sleeve and nut. The teeth in the 
nut, being slightly helical, force the three jaws conically inward or 
outward as the sleeve i.s turned. A hollow spinille shank may be used 
so that long cylindrical work can be held in the chuck. 

Yor light work, hand chucks are made so tliat the sleeve may be 
turned by hand rather than by the use of the key. These chucks are 
jirovided with Alorse taper shanks to fit the si)indles of drill j)resses. 
They may have a Reed or Jarno ta])er .‘<hank to fit the spindle of a 
lathe for carrying work for light machining, nr supported in the tail- 
stock spindle to carry a drill for machining the rotating work. A 
chimi) or dog on the drill, bearing on the carriage, must be used to 
prevent rotation if large rlrills are used. 

A drill holder sipiported on the 
tailslock center at one end and 
carrying a tai)er-shank drill or 
reamer in the socket of the other 
has an integral arm at right angles 
which rests on the carriage to pre¬ 
vent the rotation of the t(a)l and its 
l)eing drawn into the work. 

Automatic chucks are so con¬ 
st nieied that straight-shank ilrills 
1‘roin 0 to % in. diam. can be re- 
inovcfl or inserted while the cliiu’k 



is rotating. No key is re(|uir('d. Fig. 33. The Skinner Pnsit-ivtvDrive 

riie outer sleeve is grijiiied liy the Tsipping t'hui:k. 

liand and elevated or hm ered to tiu-h «huir k uuniuiiiN a .si‘t nf ailjii.stahlc^ putni- 

,1 ■ j 1 D livi*-ilrivi“ juwH fur liiiltiinn ilrill.s, juiil iitlinr 

I (‘lease or Krip tlie tool. .Some ti... i>u«itiv„ [JriviriK anrtion nf iliRae 

•liueks, called adjustable boring iaw»wiih th,.irirti™«r 

’ ■’ an that thn RRiit.criiiK unrl fast niiinK uf thi; tool 

i leads. Fig. 18, have one means of are flunn in nm: niJ^mtiim. Tfic two jaws arc 

. I niovprl radially l»y thRsinule screw liaviiiK right- 

grij)])ing the shank ol a cutting tool huml threatls on one eiiil and li'dt-hand threads 

(ind a second means of adj listing tbc 

' ccentricity of the tool center with 

tlie chuck center. They are used in jobbing for boring with a singlc- 
l»oint tool to any desired diameter. 

Figure 33 illustrates a positive-drive tapping chuck for tools, such 
as taps, having square-end shanks. Interloeking opposed V jaws auto- 
luatically center the tool shank Avliile clamping it. 

AVhen a number of tools are required in the machining of a part in 
-datively small lots, the tools which are used may be fitted with collets 



312 


DRILLING, BORING, REAMING, THREADING 


iiittrchangeabli; in a quick-change chuck, Fig. 14. Time is saved in 
changing tools during the machining operation. 



Courtesy MvCmsky Tool Carp. 


Fir, 34. A Wixiinl Colli;l Fur Tapm-Shaiik Tmil.s witli a Twist Drill in PlacE!. 

Ttii! tiLiiK (if thu Mui-hi! t,a|ji‘r Hliuiik ih hiu>ii IhniiiKli tin* r.itllfl .slut. Tlii.s iMilli't hrilrlin)r h variety of 
tyfiiiH Ilf toulN filH iiilnrirliaiiKi'uhly in tlie chiirk ais Mliijwn in l''iiE.s. 14 ami 3li. 

Tilt; AlcCrosky Toni C'nri). Wizard chuck lor inti‘rt li:Lnp;i;LihlL' collets 
is illuslriiterl in Fiii;. ‘Aii. It consists oF two main parts, a rlrivinp; body 
with a Morse taper shank lo fit Ihe drill-press spindle, anil a slotted 
collar to liohl the collet carrying the tool in the driving body. A num¬ 
ber ol' interchangeable colhds an* used in coniu;etion with the chuck. 
A regular Morse taper collet I'or taper-shank tools, such as a drill, is 
illustrated in Fig. 34. 



Fir. Sa. A PhaiiUiin View iiF the Wizard Frietiiui-Drive Tapping Cullut. 

Thin vinw .sliiiWK liiiw till!! lianil tap i.s lichl in the bii.shinK anil the IniHhinK in a taper pluK which is 
ilriiwn iiiln a fiher-liiu'il hnle iif Ihi* Riillet by tlic dilTerenlial nerew nn the Biid. The tap is driven by 
itiH Ni|uare eiiil; tlie IniHbiiiK i^< driven by twii key.s and fluatH in the tiifier pliiR. Shuiild the npindle be 
raiHud tLiu rapidly in baekinK nut the tap, the buNhiiiK will be drawn niit of the eullet wiihuiit injury lo 
the Ihreail. 


Friction-drive tapping collets, Fig. 35, and ailjiistable collets for 
holding small straight-shank tools arc* available as well as friction- 
drive stud-Btting collets for driving stinls into blind holes. These 
chucks and collets arc available in several sizes. 

Multiple-Spindle Drill Heads 

For many years the cluster-type inultiplc-spindle drilling machine 
has been useil for drilling simultaneously a number of holes in a given 
piece of work for moderate or high jiroduction. l^nless special provi¬ 
sions were made, all spindles of the cluster head rotated at tlic same 
sjieed so tliat it was not good jiractice to have drills of large and small 
diameter in the same cluster. Each adjustable sjiindlc consists of a 
telescoping drive shaft with universal joints at the upper and lower 
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fnds within the head. With the increased production of parts in 
quantities and with a variation in size of holes drilled in the piece, 



I'lfJ. 30. A Drill-Pi css Spiiullc Kiticfl witli a Wizard Chut^k Sd That J.)rills of 
DifTcn'iit Sizes, or Diills, Itcaiiicrs, and Taps (<aii He Used Siie.i-.essively without 
StoppiiiK Iht* Spiiiiile. 

riip niHpf. t’linriiiniiiK ;i twist tlrill, is briiii; fiirPtM] iiiiwanl inti) tliu rulatiiiK rhiirk by tliu DfiiTuUir. 
I'lii- iii!SL‘rt sliiiws lliP iiDsiliuii uf tlip uprM'ntnr's I111.111I wlipii rpliMsin^ tin; piillct. iinil tiiul frriin llip i;hijck. 
Sliiflit iirpssiirp iif tin* thiiiiib iiml fiiruKiiKPr iiii the knurliul I'.iilliir ruliMSijs tlii! rrilli;! iiistaiilly. 


llic arljustiibk* niiiltii)l(?-s|)in(IIi‘ iiiafliint', Fij;. 9, ftnulufilly way 

U) the sinslt‘-s|)in(lk* ilrilliiic- nuirliino itnividiMl with a niultiplu-sitinrlk' 
drill hfiid as? shown in Fig. 8. Thi’su fixiMl-spimlk’ drill liuails arc made 
o that earli sjtindlc has the pnijter speed fnr eaeh cutting tnrd carried. 
All tools, howcA’cr, have to he fed at the same r«ate. 

A fixed-eenler-distanee multiple-spindle drill head is shown at the 
left in Fig. 37. This indicates how the power is transniittcfi from the 
>pindle of the drill press to the taper-shank driver of the niiiltiple head 
and thence by spur gears to the various sitindles. This unit is attached 
to the spindle (|uill of the drill j)re.ss by means of the split holding 
'leeve, so that tlie head carrying a iiundDer iif drills, reamers, or taps 
fail he lowered to the work or raised from it after coinjileting the 
iiiachining operation. 

I'hrce tyi)es of spindles are shown. The standard drill spindle takes 
taper-shank drills or chucks mounted on taper shanks. The tap 
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Fin. 37. Drilling Ili'ail (Lvfl) anil Ri‘vi*r.siiin-Spiiiilln Tapping 

lloarl I'fir llsi* nii Siiiiirli'-Spiiiilli* l-prij^ht Drill Pirsscs. 

At thn li'fl iH 11 iiliriiitiiin vii^w HliinviiiK a Kriii!Ki‘r fiTiiMl-iMUitnr-iliHl.uiii'i' iiiiiUi|)li‘-s|)iiiillr hiMiiI. Thmu 
aviiiliilila ty|U!N nf M|iiii(lli.‘s, Ntirli lus tlif‘ |i 1 iiin, lap, iinil ailju.sta 1 )li‘-Hli>iivif KpinrlI[^ am iiirliratt'd. 'I'lii; 
drill IiiuilI In rlaiii|iiMl tu tlir ipiiH af ilir ilrili-prm’i Mpiiiilli* by iiuMin.s itf tlii' i:lainp luiKliiiiir. Tiii‘ tapc;r- 
HliHiik ilriviT (its iliri'rtly into llii* lmiiI of ilii‘ 111111^11111; hihiiiIIo. 

.M till' ritflit is si'i'ii a siMitioiial vii‘\v iif tin; Snow portubli' tappiiiK hi'iitl. Thi; shank at thn top imcuKi's 
till' siiiinlli' for lotatiriK ilrivis aiiil Ihr* I'xtanilail bur at the upper riiEht bears aKuinst tin; lajliiinn uf llie 
drill press tii prevent tlie riitatiun of tin; hniil. When tupping, tin; ehuek is driven by the lame enKiming 
till' iipiier ilriviiiK plate. In witlidrawiiiK tiu- tap the roiii' eiiKUi^cs the lower plate iiinl rutiilE's in the 
reverse iliri'etiiin at a higher speed. 

Spindle is prnviiliMl with a flnatiii'i; tap IidIiIim’ wliieli allows the tap 
to cut freely. The shank of tlie tap fits into and is driven liy a scpiarc- 
bruached hole. U'hen lapiiinj^ is done, tin* spindles iniist lie nwersed 
to witlulraw the taji either by iawersin«»; the motor or by the use of a 
reversing clutch. The adjustable-sleeve spindle has a fine adjust¬ 
ment which can be set (piickly and locked to any desired ilejith of cut 
by means of a knurled nut (ASA Bf).!!, 1937). This is of special 
advantage when counter-boring, sjiot facing, or drilling lilintl holes. 

Multiple-head spindles are also made in which a slight adjustment 
of the jiosition of the spindle is possible. The fixed-spindle multiiile 
head is made for a particular job and must be discarded if center dis¬ 
tances are changed. The adjustable-center-distance head costs 
slightly more, but, where there is a possibility of small dimensional 
changes, it may Jesuit in an ultimate saving. Wlnai parts are |)ro- 
diiceil in large ipiantities, special machines provideil with multiple- 
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trill lu'tids, Figf. 13, are uavd. Many nf the nuicliinc tools of this class 
.II P iiiaile up of well-stanrhirdized units consistiiift- of sliding:; heads and 
[pediiig dovipps. The fixture parrying the work, the multiple head, 
and the hed are designed for the particular inh. A single-spintlle 
tapping head, with a friction clutch reversing device to withdraw the 
ill]), is shown at the right in Fig. 37. 



Courtesy Graham Manu/at:luriny Co. 


' ei. 38. A iSj)iHMlin|^ Atlai'liiiuMil Shown Si*t Up in a 22-iii. Upngl^t Drill Press. 

I'liu !«pEM!il ijf the drill in three tiiiien that iif the driviiiK shaiik. 'I'he attai'.hiiiciit in iincMl for N|ii,‘4Mling 
'>! Miiali (Irill.s rrriiii } i r. in. to % in. iIihiii.. anil fur M|>L'(;ii.n nji tn 3,OIK) rpin. Tim lever extuiidiiiK uguinst 
1i'■ l■llIIllnll of the drill prenn prevents riitaiiun of the .speuiler hudy. 

Speed-Up Attachments 

It is frequently desirable to do considerable drilling with small- 
liameter drills in jiresses of coiniiaratively large capacities. In order 
'liiit approj)riatC‘ly liigh speeds can be obtained from the small-diaincter 
I'ills, a so-called speed-u]) attachment or drill sjiecder is used. The 
Uacliments are usually provided with a Morse taper shank which 
"igages the si)indle of a press, Fig. 38. The spindle of the attachment 
’1 v’hifh the drill is mounted, cither in a drill chuck or in an extended 
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sf)indle to take taper-shank rlrills, is driven tlirougli offset gears at a 
speed higher than that of the spindle. 

Threading Devices 

When tai)ping or threading with nonopening dies is to be done on a 
drill press not eriuipj)ed with a tai)ping nr spindle-reversing attach¬ 
ment, a portable tapping device may be used, as shown at the right 
in Fig. 37. These attachments may be provifled with a Morse taper 
shank to engage the spindle of the drill press, like that of the si)(‘ed-up 
attachment, or matle with a collar to he clampeil to llie s]Hndle quill. 
The former must b(i i)revi*nted from rotaling. 

The bodies of the.se attachments contain a iiu‘ans whereby tlie upi)er 
spindle, engaging that id' the rlrill pre.ss, drives the lower sj)inille in a 
forward direction t)n the downward or cutting .stroke, but the lowia’ 
spiniile is reversed in its direction when the spimlle is l aised upward. 
The forward and reverse driving mediums may consist of ball clutches, 
friction-cone clutches, or friction disk of the single or mullii)le type. 

Vises 

Vises for hohling the work arc made in a wide variety of types and 
sizes. Often work to be drilled or machined t)n a ilrill j)ress is placeil 
on th(‘ table of the press and eithej’ held by hand or clamiied by bolts. 
Tile Modern Machim* Toid Co. round r*oml)inalion ilrill table and \'ise, 
made to replace the plain table of a drill pre.<s, is maile in two parts. 
One part constitutes the movable jaw. It serves as the plain table, 
but in addition, many odd shapes can be clamiied ipiickly for machin¬ 
ing. The table swivels about the column of the press and about its 
own central axis, providing universal adjustment. 

Sensitive drilling machines used for misci'llaneous Avork .should be 
jn’ovided with a small jiortahle-tvjie vise and dirferent sizi's of V blocks. 
The vise, .‘similar in construction to that used on the planer, shaper, 
and milling machine, consists id’ a base and one movable jaw operated 
by a single horizontal screw. One vise of this type for drilling work 
has one edge machined to give a surface at right angles to the base and 
the face of the fixed jaw, so that the vise may be supported on its base 
or on the side for drilling at right angles. 

Another vise of this type for job Avork or for siriall-ipiantity pro¬ 
duction, Fig. 39, is provided with an adjustable bushing plate to hold 
interchangeable bushings or drill guiiles of difl'erent diameters up to 
lYia in. This bushing plate may be attached to the vise in any one of 
several places so that the bushing may be located properly to guide ithe 
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■ Irill or reamer to maehine any desired part of the work. Improvised 
imshing plates for the production of small lots may be made of steel 
flats with guide holes drilled to suit the job. If production warrants 
It, the plates may be hardened to resist wear, or standard hardened 
))iishings may be inserted. These bushing plates definitely locate the 
positions of the machined holes, making all jiarts produced inter¬ 
changeable. Some vises for drill-press wtirk arc so constructed that 
work of irregular shape can be gripped through the automatic adjust¬ 
ment of flexible jaws or their supports. 



I' HJ 3!). The ( Ji Mtuiin Miiiiuhicliiniig Cti. Drill Visi* Prnvirlpii with si Pushing Pliitn, 
Pushing, sun! Taper-Slumk Drill. 

A !^li[-ll jaw t(i hiilil Ihi* ^iiM-bnrnrr ptirl to br rlrilli;ii in SDinull i|iiu.ntitii?8 i.H sRatorl wit.h Habbitt. Small 
miiy bo tii;ii;hirictl by thonr UMniJorizorl jiK-s wilii littir uvorliRiiil nof<t. 


The indexing chuck, l"ig. 40, expedites the production of parts in 
'“iiiidl rpiantitics, iiarticularly when holes ef|uidly spaceii on a circle are 
'^‘(|uirc(i. 

The iini\ ersal angli' plate. Tig. 41, is another device used to advan- 
in sup])orring work in a tlefinitely fixeil position for machining. 
Idle work is usually held to the face of the vise by T bolts. The 
base is grmlualed to 360 deg horizontally while the table swivels 120 
leg in a vertical iilane. Verniers are ai)plied to each graduating scale 
"O that adjustment to within a niin of any requiretl angle is possible. 

A V block forms a satisfactory supiinrt for ilrilling round work with 
'iiiLill drills. The work may be held in a jilain V block by hand while 
’lie drill is bidiig fell or held in jiositinn Vjy means of a clamping screw, 
fiiiown at the right in Fig. 42. It is usually difficult to start a drill 
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on center when drilling round work, so that some kind of a guide bush¬ 
ing is flcsirable such as that held in the offset bushing plate at the left 
end of the V block. The bushing is adjustable for height as well as in 
its longitudinal position. Unless small drills arc carefully guided, or 



CourteKH Cincinnati Bickford Tool Co. 


Fin. 40. Ty|iii*Jil Proiluction Work on a SiiiKlc-Spinillc Drill Press. 

At UiB left, a 24-ill. rimntl-iMiliiinii Ciniuiinati Bii'kfuril Siijicr Si?rvii!L‘ uprii'ht. rlrill prCHS is bciiiR u-SBrl 
to ilrill fiiur linles in n Inw-rjirhiin stRi?l part on 2!l'^-iii. centprs to a l.iili*riiiinp uf ±0.0002 in. An ac- 
curatply inilpxinK llartfuril pluii-k is iisnil .*<11 that 1111 further jikm are nmnsHary. At. tlip. riuht a l^g-in.- 
rliani. tapping iipi'ratiiin is linin' in a fnrKPil .st.pi4 .shiftinK hainlli* un a 2H-iii. ruuiiil-riiluiiiii Uinrinnati 
Bickfunl. fixturp is iisiui tii hnlil thr wurk in piKsitiun. A 1 vi u-in.-rliaui. IihIp is first ilrillRii; the 
iipppr Niirfape i.s fariul, riMiinviniE ' n in. iiiptal; anil the liuln is I’Jiainrerpil by haiiil fpeil. Thp iippratinn 
rcipiirps 4 ^ min lluur tn fliiiir. This slum's the usi' iif a jiK anil ipiipk-phaiiRe p.hup.k fiir typir.al inter- 
chniiK^iihlp Bliiink tiiuls for operatiuna in spipipiicp. 


started in iireviously centeretl holes, excessive iireakage occurs. This 
is particularly true when the holes intersect, as illustrated, for making 
driftpin slots, etc. 

Jigs and Fixtures 

Frequently the terms jigs and fixtures are used interchangeably. A 
device may be useil as a jig at one time and a fixture at another. The 
commonly accejitcd definition of a jig is that it liolds the work and 
guides the tool during the cutting operation. A fixture, on the other 
hand, consists principally of a clamping ilcA’ice for holding the work 
while it is being iiiacliined, with no regard to the guiding of the tool. 
The locating features should be such that the work always iimsb be 
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iisrrted in ihv same way so that the iiiacliineil parts will he intev- 
I liangeable. A jig may be jiistifieil t(i facilitate nr speed iij) i)roduc- 
linri nr tn prnmnte aeeuracy and intereliangeability nf the product. 
The imi)ruvised V block shown in Fig. 42 facilitates drilling work in 



Fir. 41. Thn Bostnii Universal Aiiglc Plate Mountf'il on a Pownr-Drivnn Rotary 
Table, in Turn (Mainpeil to the Table of tin- I)eVli(^K 3A JiKinil. 

The hnrizuntally iintl vertically graJuatLMl scales make tliis tuol extremely useful fur jub-shup work. 
'! lit- .setup showH a part rlampeil tu the face uf a small aiiRle iruii to be ilrilhul. Holes may be ilrilluil 
:iMil bijreJ to accurate center distanciKi un this machine. 


^inall quantities to produce intercliangeabie parts, or assists in machin¬ 
ing one piece to any desired dimension. 'J"he V block, Fig. 42, would 
be a jig with the tirill bushing, but a tixlure Avithout it. Jigs usually 
are associated with drilling, boring, and soinetiincs with reaming, 
'vliereas fixtures are more generally associated with broaching, grind¬ 
ing, milling, planing, sliaping, turning, and tapping. 

In drilling, the drill point extends a distance from the end of the 
^luiidle or spindle housing of the drill press, so that it may be deflected 
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considertibly frinu its propusiul palli. Fnr this reasnii ii hardened and 
ground guide bushing (ASA Standard B5.6, 1941) is rigidly sup¬ 
ported in a bushing plate over the work to guide the tool. The lower 
end of the drill bushing should be a distanee from the surface of the 
work of approximately the diameter of the drill to allow chips to 
escape without clogging. 

In originating lioles in castings by drilling, such as in the hub of the 
wheel where the metal is heaviest, the surface may be irregular anil 
cause the drill ])oint to be forced to one side or the other of its center 



Fir;. 42. A V Block TransformiMl into a Very Useful Holding 
Device for Hoiiiid Work. 

Thn riKht-liiiiid ynki? with n nlRiniiiiiK srrnw iiiay bo usod tr» IidIcI tlio wiirk in the V. Thif loft-lnLiid 
yuki* with u liulliiw-hiiurl set sitiiw hIsii iiiuy bi* uhlmI lut a rJaiii)). IiiLori’hiincealde sliri liushiiiKs for 
KiiidinK tlin drill may br rlaiii|ir>d in (he niTset buKliiiiK |dati*. The KraduatiMl .seule un the side iieniiita 
fairly aee.iiratu lueutiuii nf the drilled Iniles. 


line before penetrating, oj- the material itself may have blowholes or 
soft spots or even hard spots on the interior which would cause the 
drill to be forced off center. 

In boring, it is good practice to |)rovide a bushing, ])referably of the 
ball-bearing tyiu\ in the bottom of the jig to jiilot the boring bar at 
its free end. This prevents its deflection or wobbling. Uoiinterboring 
is usually done with a rigiil jiilot. Fig. lit), or guide bushing. AA'hcn no 
guide is jiroviiled, the rigidity of the tool and iiiachine s|)indle is relied 
upon to iirevent the tool from following other than its jiroposed course. 

In reaming, guide bushings may or may not lie used. They are used 
if there is a possibility that the drill or previously machined hole is 
sufficiently off center to make it desirable to have the reamer not only 
ream to size but locate the hole in the correct iiositioii. - An cnd-cut- 
ting-type reamer, such as the rose reamer with cylindrical lands, is often 
guided by bushings. 
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In tapping, the hole to be tapped is first machined to the proper 
(liametcr and location, so that the tap simply follows the hole, no addi¬ 
tional guide being desirable. 

Classification of drill jigs: Several types of drill jigs are in use. 
The simple jigs, Fig. 8, for multiple operations, hold the work by 
clamping it against the top bushing plate in which guide bushings are 
located to guide the tools. The bushing plate is a vital part of the 
jig and many times is made an integral ])art, Fig. 8, or rigidly set up 
(iver the jig. Fig. 10; or it may be raised and lowered with the drill 
head, being attached to the clamping device only by means of at least 
two large guiile pins, as at the right in Fig. 11. 

A box jig, Fig. 14, permits the drilling of holes in the work from 
several sirles, and for this reason is usually not attached to the table 
or bed. The intei’changi'able guide bushings for the drills and reamers 
:\.vv located in the several siiles of thi‘ box. 

A trunnion-type jig, Fig. 13, permits the drilling of holes by a spin¬ 
dle, in two or mure faces of the ])art, by revolving tlie work and jig 
on fixed axes. 

A multiple-stage jig or fixture is one in whieli o])erations on a piece 
are jierformed siniultaneously or progressively, Fig. 8. 

rotating or indexing jig, having one or more fixtures at a station, 
i.- illustrated in Fig. 10. The work is maeliiued jirogressively as it is 
■niflexed from the first to the last station. The table may rotate in 
lioiizontal dr vertical planes. 


DRILLS 

Definition 

\ drill is an end-cutting tool to originate or enlarge a hole in solid 
material. \Mien used on drilling maehine.s, the rlrill usually is rotaterl 
ml fed axially into the work while the work is held stationary. In 
i ll he work, the work may rotate and the drill in the tailstoek remains 
atioiiary; and in automatic turning machines, the work and drill 
1' th may rotate but in n])po.‘iite directions to secure more efficient cut- 
'iiig .speeds and chip removal. 

Classification of Drills 

Drills may be ela.ssified according to their construction or purpose, 
' lollows: 

L I wis( drill. Fig. 43, or helirsil flulcd drill of Ihp milled, forged, or flat type. 
iy]if' is niosl generally used. 

- Fanner drill or straight fluted type u.s«m1 for drilling bra.s 5 or sheet metal. 

-* Flat drill with point ground on the end of flat bars. 




- Fiule Lenglh - 
-Body- 


- Langth Ovarall - 


ChM Ed|B 


Fifj. 43. A Strjiij^lit-Slwiiik Twist Drill with Xuiurnrlaliirr and Aii^li^s Tor 

(irilfU'ill I'sn. 

ViiliH's Fur imii'ijdhum an* nivi'ii in Taililp 4. 

The twist drill — nomenclature and angles: The twist rlrill hiiving 
two flutes, Fig. 43, is the type most gencrtilly used in job-shop and 


__P|P^T.n, T|_i 


^ M 


^^Gage Lini"’^ 


Jj ^ Drift 

Kay Taper 


Fig. 44. A Seftioiiiil View of a Sclf-llolciiiiK Ta|M*r Shank Fitted into the Spindle 

of a Drilling Maehiiip. 

Tliiit hIiiiwn hiiw thi' tune Ktn into thi' slnt thnnieli thp Mpindli' fnr iniHitivt ilrivp, mid how thi* tniipr 
shank is ri'nuivnd frinn thr* spindli' hy ineniis of tin* drift. 


jtrnduetion work, unless special conditions require the use of another. 
Tlic princijial jiarts of a twist drill arc the shank, body, and point. 

The shank is that end of the drill by which it is held and driven. 
Till' most coininon types of shanks are the taper shank, Fig. 44, the 
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straight shank, Fig. 43, the square tajuT for hand-bit stock^s, and the 
sf|uare tai^er for ratchets. The taper shank supplies a means of ecn- 
tering and holding by frietion the drill in the tapered sjiindle end of the 
inaehine. The drill is driven, however, by the fiat tang on the small 
end of the shank, which extends part way into the slot through the 
spindle, as shown in Fig. 44. The Morse tai)er, Table 1, is used uni¬ 
versally on drills, machine reamers, ainl boring bars. The straight- 
shank type of drill is held directly by the jaws ni a drill chuck. For 
heavy work, a setscrew in an adai)ter bt‘ariiig against a flat on the side 
Ilf the shank will prevent ilrill slippage. 


Tablk 1. Ski.k-Hoi.dinii (Sijjw) Tapur Skkiks liAsie Dimknsidns 
(ASA Ha. It), 1!)43) 


Nn. I.r 

Taper 

Diiiinplcr 


Means nf 


Origin 

Tnper 

pi‘r 

FdiiI 

ill (ijigp 
Ijiiic* 

Driving anil Tlnliling 

nf 

Series 

0.23!) 

0 500 

0.230 





Hrown anil 

n 2!M) 

0 500 

0.2!)U 

JD 




Sliarpe 

0.375 

0.500 

0.375 





tajjer series 

1 

0.600 

0.475 

"a 





2 

0.600 

0.700 

i_s 




M nrse 

3 

0.602 

0.038 




4 

0.623 

1.231 

"w .2 

X! w 



laiter 

■\H 

0.623 

1.500 

'b! 




series 

5 

0.630 

1.748 

& 

OJ 

> s 









2 

3 


200 

250 

300 

350 

0.750 

0.750 

0.750 

0.750 

2.000 

2.500 
3.000 

3.500 

3 

H 

Z/ 

=s -c 

H J 

Ef? 


.jC 

rt ’o 

H in- 






— 

sfj 5J 


per 

ft 

400 

0.750 

4.000 



m .1 

X g 

500 

0.750 

5.000 




i? 

tafMn’ 

fiOO 

0.750 

6.000 



> 

> X 

series 

soo 

0 750 

8 000 



'C 

-3 

■s 


i,000 

0.750 

10. (MK) 



u 



1,200 

0.750 

12.000 



14 

w 



* All cliiiieiiBinnH Kiveii in inches. 


The body or fluted portion of the drill is formed so as to give best 
>ults in drilling, as determined by exjierience. The flutes are formed 
oin the point nearly the whole length of the hotly in order to provide 
ifting edges at the point, curl the chip within itself, provide a means 
esv-ape for the chips, and allow a cutting fluiil to reach the lips. The 
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form of the flutes is such that the cutting edge is a straight line for the 
normal point angle of 118 deg. The angle of helix of the flutes, which 
provides the rake angle for the rutting edges, ranges in general drilling 
work from 18 to 45 deg, but averages about 32 deg. 

The body is slightly tapered from the point to tin* sliank to prevent 
rul)bing while drilling. This longitudinal relief, vvliieh is of great im¬ 
portance in deej)-hole drilling, varies from 0.00025 in. for small drills 
to 0.0015 in. for largo drills ])or in. of length. In order to prevent the 
body from rubbing on the side of a drilled hole, a body-diameter clear¬ 
ance is jirovided. This leaves a small, r-ylindrical, finish-ground strip 
along tlio edge of the flute whieh i.s railed tlio margin, the outside diam- 






A B 

Fig. •l.'ii'l. Side Mini l']inl V'^inw nf a Thiek Webheil Drill VVliieh This Him'ii 'J'hiiinefl. 
Fig. 4i3/y. A Thir-k Wehhed Drill willi “ OaiikHliiifl ” Pniiit I’sed in Di‘R|»-Hr)Iij 

Drilliiifr. 

eter of which is Ihe full drill size. This margin help.«5 to form the lip' 
and, being helical along the borly, bears against the side of the drilled 
hole and tenils (o pilot the drill jioiiit. 

The metal section which se|)arales the flutes is known as the web. 
For average use, it is from 12 to 17 jier cent of the ilrill diameter at the 
point, depending on the drill size. Some drills are maile with constant 
thickness of web, whereas others are madi* with a noiinal thickness at 
the point which incriaises uniformly along the boily to proviile increasetl 
strength to the drill. W hen drills of thi' im-reased-web type become 
short through tise, the web becomes dispro))ortionately large and creates 
an excessive tbrusl in drilling. The point may be tbinned. Fig. 45.4, 
by grinding in the bottom of the flutes at the jioint. 

The point consists of the entire cone-shaped sm faci* at the cutting 
end of the drill. AVhen drills are grouml accurately on drill grinders, 
the smallest relief angles consistent with tlie feed and material being 
drilled are provided. For correctly ground ilrills, the relief angle 
should be from ti to 12 deg, depending upon tlu' teed. 

The feed helix is the amount of helical relief back of the cutting edge 
to permit the drill to advance at its regular rate of feed. Li|i relief as 
ground shouht etpnil the feed helix pUi.s the relief. For a l-in.-diam.- 
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(irill having a feed of 0.013 ipr, the feed helix at the i)erii)hery is 
13 min, but at the end of the ehisel eilge it is 1 deg 9 inin. For soft 
materials, 15-deg relief is not excessive. This lip. relief gives the 
ciitting edge a chance to bite. If excessive, the cutting edges arc too 
thin and chip off. If not enougli and flank rubbing occurs, heat is 



Fig. 40. A Measuring Device to Cln*ck the Lrail of the Cutting 
i»f a Twist Drill. 

Thi! arlviifirr nf lip nvpr tlip ntliF'r (it any tliMtanno from the ilrill ceiiLer is imlicated on thi; dial 
piiCR. TliP rrlifif anulu Imisk of ilu* liri Ran bp rli't-rriiuntul at any tlisfcani’p from tlm drill nentpr by 
nieasiiriiiK loiiKiliidinitl ri'lip-f on thn dial Kacn for various dc*Kri;es of rotation as re.iil fro u tliii Rraduatsd 
sridi- [111 UiR shank. Si*vpral si/RS of V blonks an* provided. Tlii* .shank-siipportinK ntmtor is adjustable 
viTtiuall.v by iiiinrouintpr si-rew. Tim dial indiRator pointpr Ls first 1oruI(m1 on rimtpr and tlinn raisad a 
li\iMl distaiiRC for taking: rBadings. In this wa 3 ', readings may bo iluplinatpd or rnmparRd. 


ireiicrated, und the tool fails quickly. Drill grinding is one of the most 
important factors in drilling. The liji relief, the length of the lifts, 
piiirit angle, and the location of the rlcad renter in relation to the axis 
of the drill must he carefully guarded by gages. Fig. 46. Maehine- 
^round drills are greatly superior to those ground by hand, as more 
o-fTirate ami UTiifonn results art* obtainerl. 

The lip relief should be greatest at the center, as all parts of the 
irill advance the same amount for eaeh revolution, but the helix angle 
■raveled by a point near the rleail renter is much greater than that at 
die outer edge, Fig. 47. The usual point angle or that angle included 
optween tlie hvo rutting edges is 118 deg. In grinding a drill, tlic 
cutting edges should be at equal angles from the axes and of equal 
h'Tigth so that each takes its portion of the feed. The helix angle of 
drills may vary from zero for the straight-fluted two-lipped drills for 
■»rass, bronze, very hard steel, and slate up to 45 deg for aluminum 
uul marble. For average work 32 deg is standard. Where sufficient 
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rjuantity nf material is tn 1 )p drillecl, maximum rffirienry is ohlainerl 
hy Krinrlin^ the rlrill-iioinl angle on a drill of prt)|uT helix to suit the 
s|)erial reriuirements of that material, as summarized in Table 4. 
Sometimes beveling lu- rounding off the outer erirners of the lip of the 
flrill inereases tool life. This is nf particular mi|)ortanee in drilling 
plasties and magnesium ami when tlrilling thin sheets. 

The thick-web deep-hole two-fluteil drill for erankshaft oilhole drill¬ 
ing, Fig. 4513j is designed to give great strength to a long drill of rela- 



Fir,. 47. A Diagniin In Show TIisU, far a Ciiveii Feed A' of the Drill jier Itevolution, 
the Feed-Helix Angle Ihu'k of the ('lilting lOdge ICiiuslIs Z ii\ the Periphery ami Z' 

lit the Ghisel lOdge. 

The drill hIiuiiIiI be isriiuiul willi ii leliuf Kreuti^r tliiiu uu»j;l(;« Z uuil Z' tii pniviih* IruK relief: 

A — iliaiiieter nf Ryliiiiler ut drill pLTiphi'ry. 

C " iliaimder uf eyliiuler ul r.liisLii edge. 
a = pir(;uiiirereiii!i* nf i-y Under A. 

D " eirriiiidiTeiiee nf ryliiider C. 

X = feed iier revidiitinii. 
tan Z - X/H. 
tan Z' — X/D. 


lively small diameter, 'fhe web thickness is about 40 per cent of the 
drill diameter. A 4rj-dL*g helix angle is reeoiiiiiieiuled for cutting hard, 
brittle metals, and a 35-deg helix angle for cutting tough, ductile 
metals. 

For some piirpnses, oilholes are provideil running from the shank 
through the ribs, so the cutting fluid may be delivered to the bottom nf 
the hole being drilled just baek of the cutting edge. This oil washes the 
chips hack through the flutes, preventing elogging. It also jirovides a 
cooling medium for the drill point in the bottom of deep holes. These 
holes are formed by actual drilling before the twisting of the body to 
form helical flutes, or small tubes may be brazed in the periphery nf 
the drill just baek of the margin. 

Single-flute deep-hole drills are used fur drilling deep straight 
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holes. One of high speed steel is shown in Fig. 16, while a carbide- 
ti|)ped drill with nomenclature and generally used dimensions is shown 
in Fig. 48. Cutting speeds in steel of 130-350 fpm are recommended, 
with 250-300 fpm a good average. The high speed steel drills operate 
lit about 130 fpm. The feeds range from 0.0003 to 0.001 ipr, with the 
lower values for the smaller drills and for less runout of the hole. 
Tlie cutting oil must flow to the point through the drill shank with 



I'ln. 48. NoiiifiirlMiurt* tif a Sinf!;l(>-Li)i Dri'p-Hiiln Drill Tippl'd with Sint(!i'i^d 
(■Miliiilf Hnizi'd In a Siiigli'-Flutc Oillioli' Shank. 

The iiiitflirs Miirl .si/,i;s .shiiwii :jri‘ ri‘noiiiiiii>iiiliMl for drillintc .slnii^lit 1iiiIp.s .siirdi ns Kun 

liijrc.s. TIil*.sli drills nri^ iisi;d uii iiiiirliiiii:?.s illiislrnli^d in Kijs. I'l. 


'ufficienl jiressuie ami vuluine to force the chips away through the 
llutes. 

Twist-drill sizes: Twist drills are made in many sizes ami lengths, 
1 aging in diameter from a few thousandths of an inch to 6 in. They 
; !<■ rh'signated as follows: 

Xumhni'd drills frniii No. 80 (0.0135 in. ilium.) tn No. 1 (0.2280 in. diuin.). 

I^i llr'ind drills IVnin A (0.234 in. riiuni.) (u Z (0.413 in. ilium.). 

Milliiui'lf'r ilrills fi niii 3 mni (0.1188 in. diuni.), by Vi: min, to 77 mm (2.0021 
in. didin.). 

I lie nuinberefl and lettei ed drills are of the straight-shank or wire type. 

■ ill' diameter of shank and lands of both are ground to the same size 
M ept for slight baek taper. The millimeter and fractional ilrills are 
‘ole with l)oth straight and taper shanks, but with taper shank 
-dy fur larger sizes. 
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Fir. 40. A GiiiriiiK 

iii|; DDuhlivUiiiviirsal TduIIidIlIim' 

mill RiMicwiiblf Corr Drill for Core 

Drilling a Ciisti-Iroii Cyliiitler. 

Thp .siinkrt (Mid iif thr lunl i.s |iiliilt;d in 
tlip IniHhiiiK iiliiivp thn work; the piliit 
cxtiMiiliiiju; friiiii the cutter iu iiihitcit in the 
hiiHhiiiK hidiiw till* wurk. The shank end 
ijf the huhler is driven from the drill-preaa 
Hpindle. The full fliiatiiig hetweim the 
shank end and socket end of the holder 
permits the ciittinfc tool to be Riiided en¬ 
tirely by the iip})er and lower buMhin^, 
thereby eliininatiiiK any error in spindle 
aliKiiinent or eccontrieity. 


A revised series of sizes (ASA 
1949) combines these straight-shank 
drills according to size from No. 80 to 
1/4 in. diam. (137 drills), all in a short 
length and some in a long length, with 
corresponding flute lengths. The long 
drills are for production work where 
drill jig bushings (ASA B5.6, 1941) are 
used, Table 2. Straiglii-shank twist 
drills of fractional size and long lengtli 
are given from ■*%4 in. diam. to 2 in., 
by yi; 4 -in. increments to H4 by 
V;i 2 ill- 1V4 in-j by Yi fj in. to 2 in. 
Taper-shank drills are given from Vs in- 
diam. by V (;4 iii- to 1% in., by Vi^ in¬ 
to 2V4 in., by V, j. in. to 3^4 in. diam. 
Larger drills are made by various drill 
manufacturers, Table 3. A new series 
of automotive si l•aight-shank drills with 
definite lengths are set up, ranging from 
0.2r)00 in. diam. to 0.1)875 (^ Vi n 1 in. 

Tolerances have been set on the vari¬ 
ous features of all drills so that the 
products of different manufacturers 
will be interchangeable in the user’s 
plants. 

Miscellaneous drills : Where an exist¬ 
ing opening is to be enlarged by the 
removal of considerable material, a so- 
called core drill is used. These core 
drills resemble the two-fluted twist drill, 
inasmuch as they usually liave tapered 
shank and helical flutes. They have 
three or four flutes instead of two, as 
illustrated in Fig. 49. These tools are 
not suitable for originating holes in 
solid metal. AVhere considerable core 
drilling of a given large size is to be 
done, the replaceable shell drill. Fig. 49, 


may be used. This drill is especially adapted for enlarging punched 


or drilled holes and for rough boring cored holes in cast iron, malleable 


cast iron, steel forgings, etc., when large quantities are involved. One 
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Table 2. Diameters of Number and Letter Size Drills and Revolutions 
PER Minute (rpm) for a Pehipuehal Cu-rriNO Speed of 100 fpm 


Nuinbpr 


No. 

Sizi* 

Di ami* tor 
Dpciiiial 
Kquivii- 

iLMltS 

rpm 

No. 

Sizp 

Diaiiiotor 

DfTiiual 

I'il|UiV!l- 

Icnts 

rpm 

Xn. 

Sizi* 

DiametiT 

Dpciniiil 

b^ipiiva- 

Ipiits 

rpm 

1 

0.2280 

1,675 

28 

0.1405 

2,71!) 

55 

0.0520 

7,34(i 

2 

0.2210 

1,728 

21) 

0.1360 

2,SO!) 

56 

0.0465 

8,215 

3 

0.2130 

1,7113 

30 

0.1285 

2,973 

57 

0.0430 

8,003 

4 

0.20110 

1,828 

31 

0.1200 

3,183 

58 

0.0420 

9,095 

5 

0.2055 

1,851) 

32 

0.1160 

3,293 

5!) 

0.0410 

9,316 

0 

0.2040 

1,872 

33 

0.1130 

3,3.80 

60 

0.0400 

9,549 

7 

0.2010 

1,1)00 

34 

0.1110 

3,442 

61 

0.0390 

9,794 

8 

0.11)00 

1,1)1!) 

35 

0.1100 

3,472 

62 

0.0380 

10,050 

•1 

0.11160 

1,1)4!) 

36 

0.1065 

3,587 

63 

0.0370 

10,320 

10 

0.11135 

1,1)74 

37 

0.1040 

3,673 

64 

0.0360 

10,610 

11 

o.iino 

2,000 

38 

0.1015 

3,763 

65 

0.0350 

10,910 

12 

0.181)0 

2,021 

31) 

0.01)95 

3,83!) 

66 

0.0330 

11,580 

13 

0.1850 

2,065 

40 

0.0980 

3,898 

67 

0.0320 

11,940 

14 

0.1820 

2,0!1!) 

41 

0.0960 

3,979 

68 

0.0310 

12,320 

If) 

0.1800 

2,127 

42 

0.0935 

4,085 

61) 

0.0292 

13,060 

Hi 

0.1770 

2,158 

43 

0.0890 

4,292 

70 

0.0280 

13,640 

17 

0.1730 

2,208 

44 

0.0860 

4,442 

71 

0.0260 

14,730 

IS 

0.161)5 

2,260 

45 

0.0S20 

4,658 

72 

0.0250 

15,280 

ill 

0.1660 

2,301 

46 

0.0810 

4,716 

73 

0.0240 

15,920 

20 

0.1610 

2,372 

47 

0.0785 

4,866 

71 

0.0225 

17,020 

21 

0.151)0 

2,402 

48 

0.0760 

5,026 

75 

0.0210 

18,190 

22 

0.1570 

2,433 

41) 

0.0730 

5,233 

76 

0.0200 

19,100 

23 

0.1540 

2,480 

50 

0.0700 

5,457 

77 

0.0180 

21,220 

21 

0.1520 

2,513 

51 

0.0670 

5,701 

78 

0.0160 

23,870 

2.1 

0.14115 

2,555 

52 

0.0635 

6,015 

71) 

0.0145 

26,340 

20 

0.1470 

2,51)8 

53 

0.0595 

6,414 

80 

0.0135 

28,300 

27 

0.1440 

2,653 

54 

0.0550 

6,945 





Lfli c’r 


A 

0.234 

1,1)36 

J 

0.277 

1,379 

S 

0.348 

1,098 

11 

0.238 

1,605 

K 

0.281 

1,359 

T 

0.358 

1,066 

c 

0.242 

1,578 

L 

0.290 

1,317 

U 

0.368 

1,038 

1) 

0.246 

1,556 

M 

0.295 

1,295 

V 

0.377 

1,013 

i'] 

0.250 

1,528 

N 

0.302 

1,265 

W 

0.3B6 

989 

!■ 

0.257 

1,486 

0 

0.316 

1,209 

X 

0.397 

962 


0.261 

1,463 

P 

0.323 

1,183 

Y 

0.404 

945 

!l 

1 

0.266 

0.272 

1,436 

1,404 

Q 

R 

0.332 

0.339 

1,150 

1,127 

Z 

0.413 

925 
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1 1 older will outlast a large Tiuiird)er of eutters. Core drills arc fre- 
f|uently tipperl with sintered rarhidcs for ])rodiirtion work on cast iron. 

In c|iiantity-])rodiu’tinn work on large holes, it is often eeonninieal 
to combine tools sueh as rlrill and reamer. A combination drill and 
tap is shown in P"ig. 80. A combination drill and countersink, illus¬ 
trated in Fig. 50, is made in 
various combinations of body 
and drill sizes. They are used 
to countersink the end of work 
to be supportefl on machine 
cenlcMs. 

MATERIALS FOR DRILLS 

Drills made of carbon tool 
steel, listed as 1 in Table V-1, 
fill a definite need and find 
widespread aiiplication. Car- 
bon-tool-steel drills shouhl not 
be operated at high cutting 
speeds, allhough they are used 
for drilling praetirally all the 
common materials. The low initial cost of these drills makes them 
pojmlar where their use is intermittent. They are not recommended 
for ))roduction work unless used on some of the free-nuudiining metals. 

About the same number of rlrills are being made of high sjieed steel 
as of carbon steel. High speed steel of the 18-4-1 tyi)e is reeoin- 
mendefl for production work in drilling practically all kinrls of mate¬ 
rials when high j)Jodurtion and long life are required. 

There are few materials, such as chilled iron, 13 per cent manganese 
steel, magnet steels, and steels luer 400 Hrinell, which are not drilled 
successfully with the regular high sjieed steel. For these i)urj)oses, 
cobalt-high speed steel, or rlrills tii)ped with sintered carbide, are 
recommeiuhMl. The latter have but slight helix and also are used 
extensively for drilling abrasive materials as brick, marble, glass, 
rubber, slate, and tile. 

High speed steel drills, chromium plated, and black oxide-coated 
drills arc used with .success as they proAude low friction of chips in the 
flutes. Drills maile of high speed steel, nitrided, offer possibilities for 
light work because of the high hardness of the surface. 

Manufacture of Drills 

Small drills usually are made from the solid bar stock Avith the body 
and shank integral. Ea'cii the larger sizes of carbon-steel drills are 
maile in this manner. AVhen high speed steel or cohalt-high .speed steel 



Fin. 50. Cniiiluiioil Drill ami CnuriiRrsiiik 
witli Work Pni|iMily MmintiMl on a Crnti^r. 

Tliuy arc matlu in thirloKn !!iizo.s frnin A-1 with 
J.jj-in.'^iain. hixly and '*ni-in. ilrill, In N-2 with ^-\n. 
Vtiiily anil -Tl n-in. drill. Si/ii.? niiiiiiiDidy iiHiril, Inis 
().;irio-iii. Iiinly and ' N-in- drill iinil i.s 2y^ in. Iim^. 
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iji uscmI, the hotly is made of tlie tool steel, and the shank, either straiglit 
or tapered, is made of a high-carbon or alloj'^ steel. The two are butt 
welded together, after which the flutes are forged straight, the body 
twisted to the projier helix, the whole drill machined, heat treaterl, 
sandblasted, and finish ground for service. The high speed steel stock 
may be |)urchased in bars with tlie flutes already rolled. 

Many drills, i)artieularly the small ones, are machined from solid 
round rods by milling the flutes with form milling cutters on automatic 
iiiiliers. 

Sleeve, Socket, and Drift Key 

The end of the spimlle of a drill press, boring mill, etc., is i)rovided 
witli a self-holding tajier hole of a size in jiroportion to the size of the 
loaehine. Cutting tools, such as drills and reamers, chucks, multiple 




Fig. 51. Steel Sockets with Finished 
Shanks for Taper-Shank Drills. 


Fig. 52. Sleeves for Taper-Shank 
Drills. 


The Hhank ha.^ nni; taper, wHUr the hole These .hIbbvbb have one MoroR taper on 


has a taper size one number or more smaller. 


the outBlde and another of smaller size on 
the in.side. The Hinall ta[)er shank of 
small drills is inserted in the internal taper 
of the sleeve, and the sleeve in turn fitted 
into the taper of the spindle. One or 
several may be used in any setup. 


lii^acls, drill speeders, tapping attachments, elc., are often |)rovidcd with 
l:ipiT shank.s to fit the taper in the .spindle. Fig. 44. When the number 
"1 the taper of the tool is less than that of the sjiindle, it is fitted to the 
l iiger siundle taper by means of sockets or sleeves. Figs. 51 and 52. 
I'lie drift key, Fig. 44, is in fjositioii to be driven to the left to disengage 
■ lie shank from the socket. 

SPEEDS AND FEEDS FOR DRILLS 

The feed of the drill is usually expressed as the amount of advance in 
H'hes per revolution of the drill. The feed may be exjiressed in inches 
^■1' minute. This is the pruduct of the feetl per revolution and the 
volutions per minute. The feeil .sliould he small for small drills and 
ige lor large drills, as indicated in Table 3. Heavier feeds may be 
'cd in cutting soft metals, such as cast iron, brass, aluminum, etc., 
id lighter feeds may be advisable when cutting very liard cast iron 
’ steel, or steels which work-harden apjireciably. 
rile drill may be fed or forced into the work by hand or power feed. 
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Often when using small drills, hand feeding is preferable as the 
resistance to penetration can be detected and drill breakage avoided. 
In drilling with no guide bushing, the drill should be started slowdy 
by hand until it centers itself, after which the j)ower feed may be 
engager.!. 

The speed of a drill may be rei)resented by tlie jieripheral si)eed of 
the circumference expressed in feet per minute or reilueed to revolutions 
per minute for drills of a specific diameter. The i)erii)heral sj)ecd in 


Tahi.k 3. ScKKiJS ANiJ FiaiUH Hki3iimmi:n'1)1!:l) kdr Diui.ls op llir.ii Spked 
S n-iEL IN VAuiora Metals When Cot with a Suitahle Ct.u)i.ANT 


HizR of 

1'imhI fKtr 
rev, in. 

Hrunzi', 

HnxHM 

Alliiy 

Steel- 

Dnip 

Cast 

1 mu 

T iml-iSlerl 
and (.'urlIIHi¬ 
st in;l 

l■'l>rKiIl^.s 

Mild 

Steel 

M all L'ubI e 
Iruu 

f^LSt 

Steel 

Hard 

Imn 

J)rill, 

in. 

fliiii 



»()(l 

5(1 

1411 

(ill 

120 


411 

80 



rpiii 

'1 It 

0.(K)n 


3,().5li 

8. .5.54 

3.Hli7 

7.328 

5.51MI 

2,415 

1,88!) 

Vh 

H.im 

(1,1 lid 

1,528 

4.278 

1.83.1 

3.1107 

2,751) 

1,222 

2,445 

iU n 

0. 

11,1 IHi 

1,(1 111 

2,8,52 

1,222 

2,445 

1.8.13 

815 

1,0.10 

h 

(1. iKKi 

4,r>7r, 

710 

2.1311 

1117 

1.833 

1.37.5 

ON 

1.222 

«1n 

n.(M)7 

:i,()fi|j 

(ill 

1.71 1 

73.1 

1,407 

1,1181 

48!) 

078 

N 


Drill 

.5(111 

l.42(i 

(ill 

1,222 

1117 

407 

815 

Tin 

0 (H)!i 

2,(ill 

4.17 

1,222 

524 

1.048 

78(1 

34 tl 

(i!l8 

H 

n. Ill II 

2,287 

,182 

1,11711 

4.58 

1117 

088 

300 

011 


(1.(111 

i.k:id 

lIKi 

H5li 

.lli7 

73.1 

5.50 

244 

4811 

H 

11.1112 

i.r.2.j 

255 

71.1 

SiKi 

HI 1 

1.58 

201 

407 

1h 

().(ii;i 

i,;iii7 

218 

lil 1 

2(12 

524 

3H.1 

175 

.140 

I 

(I.III4 

1.M3 

nil 

.5.1.5 

2211 

4.58 

344 

1.53 

3 (Hi 

Uh 

ii.ni.'i 

1,1117 

170 

47.5 

204 

407 

300 

130 

272 


ii.iiiii 

iiiri 

1.5.1 

428 

183 

.107 

27.5 

122 

24 1 

IH 

ll.Ulfi 

8.13 

1.111 

.1811 

Ifi? 

33,1 

2,50 

111 

222 

IH 

D.mii 

7li2 

127 

357 

153 

30(i 

22!) 

102 

■204 

1 Vs 

11 Dili 

711.''! 

118 

3211 

141 

282 

212 

!)4 

188 


IJ.IIIIi 

li'il 

IIHI 

3llli 

131 

202 

IHD 

87 

175 

I7ii 

ll.lllli 

111 II 

1112 

285 

122 

j 244 

183 

81 

103 

2 

o.um 

.'i?! 

115 

1 287 

11.5 

2211 

172 

70 

1.53 


feet per minute is the product (d’ the circumference of the drill in feet 
and revolutions per minute. Hecommemled sj)eeds for standard frac¬ 
tional drill sizes anil sj)eeds for ilrilling several common metals are 
given in Table 3. These speeds shoulil be reduced to 40-50 j)er cent 
for carbon-steel drills. The National Twist Drill and Tool Co. recom¬ 
mends a speed reduction of 10 per cent (feeds 10 per cent) for holes 
having a ilepth three times the drill diameter d, 20 per cent for 4d, 30 
per cent (feeds 20 |)er cent) for 5r/, and 40 per cent for 6-8r/. The 
crankshaft drill having a web thickness of 0.4ry is used to drill deep 
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holes yin-% in. diam. These, thiek-web drills are ground, Fig. 48, to 
break up the chips, and shnuld operate at reduced speeds and feeds, as 
above. 

Special drill shapes and recommended speeds are given in Table 4 
for drilling a variety of materials. The Cincinnati-Biekford Co. de¬ 
veloped the following siieeds for sintered-earbide-tipped drills at light 
feeds: slate, 40 fpiu; marble, 60-80; sandstone, 30; glass, 20-30; pure 
carbon, 100; and copper-graphite alloy, 60-70 [Amci'ican Mnchiniat, 
March 24, 1937, j). 271). They operate at 50 per cent higher S|)eed 
than high spei*i| sttad rlrills. The i)oint angle is 120 deg. 

The lime in minutes, ^ for drilling a bole depends on the drill feed, /, 
in inches per revolution, the speed, n, in revolutions per minute, and Ihe 
depth of hole drilled, II. The drill should travel 0.3r/ to cait full diameter 
and an added 0.2r/ if it breaks through to clean up the hole. The time to 

drill // inch is I = ~ = i .08 min for a ?.i-in.-diam. drill to 

f'J 

drill through a Hi^g-in.-thick plate at 0.0l2-in. feed and 304 rpm (60 fpm). 
Power Required in Drilling 

The power at the i)oinl of the drill oi)erating at given s|)eed is made 
up of two factors, (he torf|ue and thrust. 

The torque, thrust, gross and net power input from a series of tests 
\SiAE JournuL March, 1931, p. 378) on amH‘aled chronn^-vanadiuni 
steel, SAE 6150, Hrinell 187, and a soft cast iron, Brinell 163, are shown 
in Table 5. 

To make it j)ossible to determine the lorciue, T, thrust, B, or j)ower 
for any other combination of diameter and fraal, the following equations 
were detcrminefl from ex|)eriimaits in whieh the drill diameter, ri, and 
feed, /, were varied separately. 

For the steel, T = or Tbibo = 1,840/^ 

B = Kp-^H or = 53,400/‘^«fi 

For the cast iron, or Tvi = 380/^ W 

Be I = KciP-^d or Be I = 14,720f -«d 

A drill diameter of V/y in. and a feed of 0.015 in. give the following 
when drilling the SAE 6150 steel with a 1 to 16 emulsion = 
1,840 X 0.0378 X 2.074 = 144 Ib-ft, which corresponds to 143.3 Ib-ft, 
Table 5. = 53,400 X 0.0378 X 1.5 - 3,020 lb, which is 20 lb 

higher than the experimental value in Table 5. 

The equations for thrust are simi)lified, inasmuch as they do not con¬ 
sider a variation of web thickness to diameter. They are, however. 
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Taht-e 4. DHiiJ^iNr. Speed and Drill Shape for llir.H Speed Steel Drills 
GiiTTini: VAiiinrs Materials with a SiTiTAHiiE CiTTTiNn Flitid 

'rill* vmIiips iirr* kivimi jis m, kuiiIp for si'tiip inirpusps, Ui \m M.l1nri*fi I'xperiiMirr 
indicatPH. Fpp.iIh fur fniidiDiml lirill sizrs arp giviMi in Tabln 3. 


Type 

Brini>ll 

Ilanl- 

11 ess 

Puinl 

Angle, 

deg 

Helix Ilf 
Drill, 
deg 

Gutting 

Speed, 

fpm 

(vutting 

Fluid 

Aluiuinuin alliiy 
Uakplilp, haril ruhiinr, 


!K)* 

30 45 

300 + 

Em, Em and K 

fiber, asbfisl us, ete. 
BraSH, leiulinj sl•Tl^w- 


fi0-!l0* 

20-32 

120 

lim, D 

at.Dck 


ns 

Ot 

300 

D, Em, MO 

Brass, iiDiileailiMl 


ISK 

ot 

250 

D, Em, MO 

Brniizi*. 


ns 

0 

200 

D, 1 : 111 , MO 

Cast irmi, Hiifl 

Gasi irriii, iiuuliiiin 

125 

no 

32 

120 

Em, A 

lianl 

ISO 

IIH 

32 

SO 

Em, D 

Cast iriiii, rliilleil 

512 

i3r.§ 

32]: 

I5|| 

D 

CyDijper 


100 

32 

00 + 

i:in, MO 

MiLKnesium 


120 

22t!i 

500 + 

1), MC) 

Malleable i‘ast irnn 
Muiiel iiK'lal aiul 


IIS 

32 

no 

ICm 

iiirkel 


US 

32 

50 

S MO, l':in 

Steel, serewHliiek 

Steel, stailll(^ss, free- 


118 

32 

ISO 

1 : 111 , MO 

rMittiiiK 

Steel, low-earbiiii 


ns 

32 

130 

Em, S MO 

(iiiilil) 

137 

118 

32 

no 

Em, S MO 

Steel, ineiliuin-earljnii 

IfiO 

ns 

32 

no 

Em, S MO 

StL*el, liiKli-earliDii 

104 

ns 

32 

50 

1 : 111 , S MO 

Steel, stainless IS 8 


ns 

32"; 

3011 

ICni, S MO 

Steel, eastiiiKH 

220 

ns 

32 

40 

Em, S MO 

Steel, fiirKiiips 

250 

125 

32 

SO 

Em, S MO 

Steel, iiitriiliiiii; 

Steel, 7 per rent iiiaii- 

250 

ns-140 

32 

40-50 

S MO 

gaiiese-steel rails 
Steel, 13 per eeiit 

2(Kl-ri00 

150 

lOj 

20 

Em 

manganese 

2(K)-5(K1 

i3ri§ 

m 

1511 

D 

Slate 

Zine die eastings 
Hard metals in gen¬ 
eral 

350 up 

no 

100 

150 

20(0t) 

4511 

15(100t) 

120 

40-50 

D 


* LnrRP piiliHlied fluli‘8. 
t Wr lippeti. 

t Lip Krjiinil tu zpro mke iih for brass. 
B Ubr a tliick-wi'b, riihBlt~hieh HpiMul 
steel drill, tliiniuMl at point. 

II Lower fcetla. 

^ Larger relief. 


Notk: a = Air suRtion. 

D = Dry. 

Fiin = Kiiiiilsinn. 

K = Kerosene. 

MO = Mineral nil. 

S ^10 =■ Sulphiirizetl mineral oil. 
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reasonably acruratc. Tlie torque anil tlirust may be detennineil from 
the eonstants given in Table 6 for several other analyses of steel. 

The total net horsepower develojied at the drill point equals the 
horsepower due to the torque plus the horsepower due to the thrust as 
follows: 


2TrTn Bfn 

33,000 12 X 33,000 


To illustrate, the l^/4-in.-diam. drill with a feed of 0.015 in., rotating at 
175.1 rpm (00 fpm I when cutting 8AE 6150 steel, Table 5, has a 
torque of 110.8 Ib-ft and thrust of 2,430 lb. Substiliiliiig these values 
in the above equation would give the total liorsei)ower as follows: 


hpr 


2x110.8 X 175.1 2,430 X 0.015 X 175.1 

33,0i)() 12 X 33,000“ 

3.71 


= 3.694 + 0.016 


It is seen that the hoi’sepowei- due to the thrust is only 0.016 oi 0.44 
per rent of the total power flevelopeil, so for power [Purposes the horse¬ 
power output due to the thrust may be neglerted. It is of inij)ortanee 
in design, however. Table 5 shows that the effieienev of the marhiiie 
as determined l)y dividing the ini)ut by the output is highi'st when using 
small drills operating at high si)eed with n^sulting low values of torque 
and thrust. Similarly, the effirieney is lowest when the torque and 
thrust are high, i‘ven though the s|)e(‘ii of the inaehine is less. It has 
been found tliat torque and thrust are atferteil but little by a change 
in cutting sjieed. The jiower, however, is a direct function of the 
speed, as illustrated above. 

The horsepower per cubic inch of metal cut per iniiuite is ob- 
tainerl by dividing tlie total net j)owei‘ at the cutti‘r by the cubic inches 
of metal cut per minute, V. The formulas for SAE 6150 steel and cast 
iron become 

Vnii. hp, = ihp,/V)(\\50 = and (hiK/V)Cl = ^ 

The net horsepower jier cubic inch of metal cut per minute, unit /ip,., 
is lower for larger values of feed and drill iliaineter. In drilling 
‘^AE 6150 steel with a ViJ-in -tbain. drill at 0.009-in. feed, a value of 
1.443 is obtained. For drilling the same steel with a l^/i-in.-fliam. drill 
at 0.015-in. feed, the unit hp,. is 1.075. For cast iron, these values are 
0.605 and 0.493, respectively. 

A small reduction in cutting speed often will |)erinit an apjjreciable 
increase in feed without any sacrifice of tool life. For example, a 
Vs-in.-diam. drill operating in SAE 1045 steel at 80 fpm (485 rpm) at 



Table 5. Torque, Thrust, and Power in Drilling an Annealed Chrosie-Vanadii m j^teel, SAK 6150, and a Son' Cast Iron, 

Using an Esiulsion of 1 Part Soluble Oil to 16 Parts Water* 


336 


DRIJJJXG, BORING, REAMING, THREADING 



O M m CD o 
^ XI oo 


CM O O 

n b- ac fc '-H 

CD X O CD ^ 


^ 1-1 I-H ^ CM CM 


^ ID CO 

-t —( O CD O 

ID !>- 5: CM ^ Ci 

d d d 1-H 1^' 


CD CO h- X wi 

S 8 S g g 8 

o o c o o o 


CDiDXX'iMQC- 
CO ^ X X 
-rl- CD l'- O -It l^ 


O ID CO X CO 

CO 'f Q X O 

ID (D X O 


ID X CD- ^ ID ID 
CO O DC CM X (M 
ID W X CM ID DC 


CD C5 O ^ X 


CO CM DC ^ DC 


DC ^ CM CO »D ID 

d o o o c d 
d o o o d o 


O X -It 






* .standard tnist drilla were used with 3l-deR helix angle, 121-deg point angle, 136-deg chisel-edge angle, and 5-deg relief angle. The ratio of web thickness 
diameter was 0.14 for the Ya in. and larger drills, 0.1G2 fur the J^-iii.-diam. drills, and 0.185 far drills up tn in. diam. Speed (iO f.p.m, 
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Tabke 6. The Values of the Constants C for Torque in Pouno-Feet 
and K for Thrust in Puitnds for Several Analyses of Steel in the Form 
OF Foroinrs, Normalized and Annealed 
T (h)iiiui*) = B (thrust) = A7“7iirL 


HAE No. 

Rriiipll 

C 

K 

1020 

137 

1,500 

40,000 

1045 

150 

1,500 

42,030 

1005 

154 

2,1 SO 

0!),000 

2320 

103 

1,510 

44,000 

2330 

202 

1,7S0 

00,000 

2310 

207 

1,810 

05,000 

3120 

143 

1,510 

3!),(KK1 

3135 

102 

1,500 

40,000 

3250 

207 

1,740 

57,000 

3140 

100 

1,550 

50,000 

4130 

150 

1,500 

43,000 

0120 

137 

2,100 

55,000 

0130 

150 

2,000 

50,000 

0140 

163 

2,000 

50,000 

0150 

1S7 

1,840 

53,400 

0250 

202 

1,800 

03,(K10 


().()()5 ipr frivus ti iiunuti'iitioit of 2.4 ipni. Ii‘ tliu sjtOLMl is riMhu'ud to 
lit) I'piii (370 iitni) iind lliu IVod inrruMstMl In 0.010 tin* nuw iturudni- 
(inn is 3.7 i])m. Thus, by rlcrruasins tlu* spi‘tMl 2.5 pt*r vvni and 
ilmdiliii^ ihu IVud, tliu i)uiiu(rtilinii is iiicruasiMl l)y 50 j)i‘r uunt. Thu 
tiinl liFu was also iiuToascd. 

Ill Fin-. VH-22 ai e shnwii values of unit hpr, nblained when drilling 
with a 'Yi-in. drill at 0.012-in. feed at 153 rinii, fnr a wide variety of 
ini'tals, which ^ive tlu‘ fnllnwiiif;' tyjiieal values: 0.2 for Dowiiietal, 0.3 
jor aluiiiinuin alloy No. 12, 0.62 for east iron, 0.9 for SAE 1112 steel, 
eold drawn to 1.4 for annealed carbon tool steel. 

In another sel id' exiieriinents \Truns. ASME (MSP), September, 
1933. ]). 1 |, each of a number of metals was drilled with eleven different 
tyiies of cuttinp; fluids. Formulas for torque and thrust for each metal 
:ire summariziMl in Table 7. The equations for torque for all steels 
a^ree Avith that for the steels j^iven above. Each steel anti cuttinf!; fluiil 
has its own rnn.stant. Each other metal has its own formula. Because 
nf the variation in ratio of web tliickne.ss to rlrill diameter, a more ac¬ 
curate formiila for thrust was obtainerl for all steels as 

5 + s) 

Values of torque for any drill diameter and feed may be obtained 




Table 7. Drilling ToRQrE and Thrust Formulas avith Constants for Torque in Pound-Feet and Thrust in Pounds 
Determined from Drilling Ferrous and Xonferrous Metai^s with Several Commonly Used Cutting Flitus* 



11. A sulphurized lard-iiiineral uil. 
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frimi tiip Fi^. o3. Tlir tnrtiiu' lor i\ Vi-iii. flrill npiM’Mtiiii:: 

[\{ 0.n07-iii. fuL'd in thr SAE 1020 steid is 3 Ih-fl hI T^, IIh‘ intrrsrctinn 
(iT tin* horizontal lino Nironpili tho Vi-in- drill sizt* aini thr vertical line 
throiif»:h the 0.007-in. feeil. T., rei)reseiits 00 Ih-l't, the toniue de¬ 
veloped by a 1-in. drill operating at 0.013-m. feed. The torque for 



Fs«d in Inches per Revolution 

I’li'j. 53. TorLjiii' Will'll Drilling Aiiiii*aliMl SAE 1020 SiiM'l with C-iiiiiiiii'ri'iiil Hisli- 
Sprcil Drills, Tsilili* 5, l^sinK a i tii 10 Eiiuilsinii, Plolli'il iin Ldk-Ldk Gmiiiliiuili'S 
iis ii. Kuiiction iif Drill J.)i:iiiii'li‘r iinil I'^ci'il. 

other steels may be obtained by inidtiiilying the value from Fig. 53 
liy the factors given in Table 8 [Tn\7)s. ASME, February, 1931), j). 791. 

Values of thrust, as a function of ilrill dianietiu’ anil fi*eil, are shown 
"11 the log-log graph in Fig. 54. Because ol a change in web thickness 
ratio at the Yi-m- drill size, the lines in Fig. 54 are curveil. Values of 
thrust for other steels may be obtainerl by iiiultij)lying the value from 
Fig. 54 by the constant shown in Table 8, or by computing from the 
iorinulas. 


Table K. Factors fuu Obtaining Torque and Thui’st for Other Steels 
FROM Those of S.AIO 1020 Steel, Figs. 53 a\o 54 


>AI:: stiM'l 

1020 

1035 

0.!»7%C 

3150 

1112 

Tiirqui' fiirtiir 

1.00 

o.oo 

1 .06 

1.15 

0.6!l 

Thrust hu'tnr 

1.00 

0.01 

1.18 

1.00 

0.77 
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Effect of cutting fluids in drilling various metals: Formulas fur 
torque and thrust have been determined for a \'ariety of metals when 
using eleven cutting fluids which represent the various tyj)es cuinmonly 
employed. The formulas, together with the eon.^^tants, are listed in 
Table 7. Actual values of the torque for the 1 Vi-in.-iliam. drill, 
operating at 0.015-in. feed per rev and a cutting speed of 60 fpm or 
174 riJin, are plotted as a line for each metal over the cutting-fluid 



J ’lij. 54. Thrust When Drilling Annenlerl PAE 1020 8leel, ms in Fig. 53, nn I.og-Log 

('onrilinatrs. 

numbers arranged in increasing mimerieal order from left to right in 
Fig. 55. The corresponding values of thrust are similarly plotted 
in Fig. 56. The cutting fluid lias no influence on the value of the 
torque, Fig. 55, when tlrilling the leaded brass screw.sfoek. Only a 
slight variation in the thrust for the brass is shown in Fig. 56. From 
these figures, the eutting fluid giving Ihe least loniiie or power and the 
least thrust ran be selected readily. The greatest jinssible amount of 
fluid should be used. 

Determining the formula for torque and thrust: The formula for 
torque and thrust is determined from the results of tests in which a 
given diameter drill is ojierated at various feerls for the first part, and 
drills of different diameters operated at the same feed for the second 
part. The results of such a series of ex})erinieiits when drilling an 
annealed chromium-nickel steel corresponding to SAE 3150 are shown 
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plotted in Fig. 57. The eutting speed was kept at 60 fpm for all 
drills. When jilotting the torque values resulting from the l-in.-diam. 
drill operating at feeds fjdin 0.006 to 0.015 in., a straight line is ob¬ 
tained on log-log paper, wliieh slopes at an angle from the horizontal 
whose tangent is 0.78. The experimental points for torque for the 
different diameter drills o])erating at eonstant feed also give a straight 




Fit;. 55. Fit;. 56. 

Fig. 55. Cnmpiiri.son of Tortiue Vidues for 1 Drills Operating at, 

0.ni5-in. Ford and 60 fpni Cutlioj; Spood Wlioii C-ultiiig SovitiiI Foitous and Non- 
forrous Moliils witli l*]li*voii ('(niiiiiotdy UsimI Cuttiiif; iqiiiils. 

Tiirqiif viiliip.s nre niiiipuhiMl frniii in|iiutirii)s iuiil roiistiiiit.s in Tiilili; 7, wliprr; tin; Kiittini; 

IIdills urL* IlstiMl. 

Fiti. 5(». N'aliios of Thrust (!ori'i;.spoiidiii|; (o Iho Toriiiii^ Values in FiR. 55. 

line inelining from the horizontal at an angle wliose tangent is 1.8. 
This gives rise to the etpiation, for tonpie as a funelion of variable feed 
:ind drill diameter, T - By substituting the value of T for 

any given feeil and tlrill diameter, the value of the eonstant U can be 
determined as 1,995 for eutting fluid No. 3. 

Similarly, the \’alues of thrust plot ted as a function of feed for the 
eonstant drill diameter give a straiglil line, the slope from the horizontal 
ot whieh is 0.87. 'I'he values of thrust as a function of the variable 
liiarneters working at eonstant feed of 0.009 in. give a slightly curved 
line whieh, when eorreeted for values of web thickness, give a straight 
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line when plotted over + ’0 at the right. The .slope of this line is 
2.12. Thn resulting etiuation for thrust is 


H = AT" 



K is founil to ho 78[J,200 for cutting fluid 3 in Table 7. The key to 
the various symbols is shown in the title. 



Feed, inches 


2500 

2000 

I/I 

1500 1 

s 

Q- 

1000 1 

BOO ^ 

I- 

600 

500 


Fii!. oT. KxiicriiiiiMiiiil V’silui's iif Tnriiui* Tliiusl, ItiMiuircil Id Drill AniiDaluil 
SAE SJSO SliM‘1, I'.siiiK ('uttiiiK Fluiil Nu. 3 (^iiisistiiig of 1 Purl 8olublu Oil to 50 

ParLs of Walor. 

• a is |)rii|iiirliiiiiiil In 
Sot' Tttbli* 5 fnr ilrills. 


Performance of Drills 

In general, drill perfoniianee is dependent upon many factors, such 

ms: 

1. CoiuiuKsilion anil (ri'atini'nl of drill. 

2. Dt’sijKii of drill. 

3. Giiiiiiiii^ of point. 

4. Spood. 

5. Fnrd. 



PERFORMANCE 01'^ DRILLS 


343 


6. Dnpth of liolp. 

7. DiamnLor of hnlc. 

S. Usr and .■iijplifiitiDn nf riil.tinp fluid. 

9. Miileriiil drillnd. 

10. Cnndilinn of inarhinr, sli'ovns, rluii-ks, and work-holding devices. 

General recommendations are given for sjieeds, feeds, drill-point 
iingle and helix, and cutting fluids in Tables 3 and 4 and Fig. 43. In 
general, the point angle is 11S deg and the relief is (i-8 tleg. 

If the peri])heral speed ul the drill is too high, the outer corners of 
the cutting erlge will become overheated anil wear away raiiidly. Too 
inueli feetl will cause the cutting edge to chip out, or if the feed is too 
iiiueli for (he amount of li]) relief, the cliisel edgt‘ will be ilulleil quickly 
and the drill may split. Drill life is imi)roved by rounding the corner. 

Large drills, about 2 in. in iliam., are not efficient, but are used 
princijially for job work. A\'hen large holes are drilled, it is of advan¬ 
tage to drill a small hole first, as the thrust on the point is reduced 
(iO jier cent by previously flrilling a hole the diameter of the chisel 
edge, and the gross jiower is reductul about 10 per cent. 

The drill feed for hard metals should be slightly less than the 
general r(‘commendatioiis. For drilling soft metals, the i)oint angle is 
less and the feed may be increased above those normally siiecified. 
Udien flrilling the hartl metals, often extremely high |)ressui’es are 
letiuired which may cause the dj’ill lij) to chij). This damage may be 
overcome either by the use of turiJentine or kerosene to cause the 
ilrill to hite with h'ss pressure, or by grinding the face of the cutting 
lip for a width of yrj-Vm zero rak(‘. This same zi‘ro-rake tool 

may l)e used to advantage in ilrilling sid’t materials, such as brass, 
wliei e the normal ])oint has a ((‘iidency to dig in. 

In drilling plastics a G()-9()-deg included ])oint angle is recom¬ 
mended Avith the face of the lip ground to a ()-deg rake, as is done 
for brass. The relief shouhl be 10-12 deg, and large joolished flutes 
should be provided. The small point angle is best for drilling sheets of 
l)lastic and metals so as to ])revent flrill breakage at the bnaik-through 
and the lifting of the work at that time. Usually the drill cuts under¬ 
size. Drills tii)ped with carbide arc most satisfactory, arnl sj)eeds of 
300—400 fpni are generally used. 

AVhen drilling tlirough metal \Aith small-rliaineter drills, the thrust 
is reduced as soon as the chisel edge breaks through the work. This 
may permit the weight of the s])indle or the hand pres.sure to force the 
spindle forward suddenly, increasing the feed so that the lips take an 
unusually heavy cut. This lieaA^y cut may cause the drill to break. 
^mt[\ point angles are helpful, and the corner at the margin may be 
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chamfered or rounded. In j^eneral, aiiiall-diainetcr drills should 
operate at speeds higher than those recommended, rather than below. 
Very high speeds are best for drilling jilasties. A small point angle, 
large polished flutes, and an air j(‘t or stream of water prevent heating 
and clogging of the chips. C.'arbide-ti|)peil and solid sintered-earbide 
drills arc available for concrete, plastics, and abrasive materials. 

BORING AND FACING TOOLS 
Definition and Classification 

A boring tool is used to enlarge an already existing opening. A 
facing tool, as covered in this discussion, is a tool used to face or 
spot-face the surface of work about an oiuaiing. Earing is sometimes 
combined with the ojjerations of drilling, hol ing. ni‘ reaming. 

A boring tool may consist of a single point forged on or clamiieil to a 
bar. These types are useil in (‘iigine and turiet hit lies on jobbing and 
small-lot work to enlarge or true holies. Double-end boring tools 
which operate as flat drills also are used on turret lathes. 



Eiri. 58. A Side View of an lM‘lii).se Slaiuhiril CuuiiterliDie ("utter wath Shank 
Interehaiigratili* in a lluliler nm Sliuwii in log. (i2. 

For production work where interehangeahility, by virtue of long 
tool life per grind, is essential, the single-jioint tool is replaced by 
multiple-cutting-edge boring tools. The four-lip core drill, Fig. 49, 
sometimes is called a boring tool, as the oj)eration ix'rformefl is boring. 
An end mill (milling cutter) also is used for boring or coimterboring. 
The latter is the rehoring of a hole to a pari of the whole depth. 
Boring and counterboring tools may be solid or liave inserted blades; 
they may have integral taper shanks or be i)rovided willi a hole for 
arbor mounting. They also may have stub shanks wliicdi are inter¬ 
changeable in holders which, in turn, fit the spindle of the drill press. 
Figs. 58 and 59. These cutters have through-holes which permit the 
assembly in the cutter of a pilot of any desired size, Fig. 60. The 
shanks of these cutters arc ground cylindrical to fit with very close 
tolerances the opening in the holder. \A'herc lengthwise adjustments 
of the cutter are desirable, as when facing, counterboring to specified 
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ilepths, etc., an adiustablc-length hnldcr is jirovided, Fig. 61. A Avide 
variety of combination of holders, cutters, and pilots may be obtained 
iroin standard sizes i)ut uj) in sets as shown in Fig. 62. 




Courtr.sy Gaiiiny Tool Co. 


Fig. 59. A Gt*iiL*i!il-Piiipf)si‘, Ailju^^luhli'-BlMrlp, Ilolluw Mill. 

The serrutfMi hlade is unnliurcrl in pnNiUou unit h<*ld ii.v a hanJiMiiMl arul Kniiind stofl The 

IiIhiIi' is HiljustiMl radially liy tin* siMratiims and axially hy the suppiirtinu riiin tlireadiMl on the ln»dy. 
The end view al tlie riKht shnws three blades uf the hnllow mill set with a rake, as is used fur steel, 
malleable irim, ete., but the rake wuuld be zeru when millin|£ eiist irun and brass. 


The independent-multiple-diameter boring tool, Fig. 63, has been 
developed to overcome the shortcomings of the steiiped counterboring 
tool. It has multiple lips for each rliameter. The cylindrically ground 
iiiargiii of the leading ribs which ilo the boring give four points of 
siiiiporl on the side of the Avail of the hole for piloting the counter- 



I IG. fin. An Assembly of Jiii El lipse Htaiiiknl Eiul Mill Cutter ITaviiiK Tntnrnhange- 
able Shanks with a Pilot in the Slanihinl llohler. 

The pilot nil the end of a tlirmiKli bolt i.s aN.seinbled with the cutter. Tlii.^ cutte.r-iiilut a.s.sniiiljly iH 
'Ill'll interchangeable in the holder witli other as.'SRinblie.s. 


boring cutters of larger tliarncter following. Eacli cutting erlge has an 
individual margin with a flute of sufficient size to take care of cliip 
disposal. 

Various types of adjustable inserted-blade boring, facing, nr combi¬ 
nation heads are in use. These lieads, usually of a beat-treatcrl alloy 
>=teel, are maile to hold replaceable blades or bits iArneriran 
Aug. 2, 1933, p. 488). A boring head to bold interchangeable bits or 
blades is shown in Fig. 64. These blades may be of any desired tool 
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Fin. Gl. The KuliiJ.sr ImpioviMJ Quick-Adjuniable Stop-Collar Holilor. 

Thin hiililer, iakiiiK tht* inlvrchunKPablt^ oiitter shank.s, is rBcainniRnrliMl fiir ubr when RniintRrbnriiiK. 
Rfiiit-farinKi ciiiiiit(‘rHiiikinK, iir Lure Jrilline tu a ,spi:L-ifiRil ilopth. Quirk ailjustinent of the ciiilar up ur 
down may be aL-i:unipliHht;il by haniJ by alackeninK the luck nut, lifting the .Berraled collar whicli is 
keycil to the shank, and turning tfu* .serrated holder un the shank tu any desired poHitiuii, after whieh 
the acrraUMl r.ullar ia luckeiJ in plai-e by the knurled nut. 



Kin. G2. Till- Ciiiii-iri^ No. 4 H (^miilMborr Sol, (’oiisisliiiK o! CUittois % in. diaiii. 
to 2 ill., Pilots V4 ill. to 1 '4 in., and (-011111 iMsink.s of 82 anil 70 iIi'k- 

The aHHcinbly of cuuntrrbure, piliit, and nut hts inleri-hiiiigi'ubly in iini' uf the three hiilders whieh 
have MurNc tapers tu fit the spinille uf a drill pres-s ur iiiilliiig niarhiiie adapter. 



Fin. G3. All Kcliiiso Mulli]ili*-niaiindi*r ('oinliiiiMlioii Clutter. 

It is u.hihJ fur etna'! drilling, ehunirering. nninterburiiig, nnd finish facing a water-piiiiip hniiMiiig in a 
turret lathe. The cutter ia made from aulid high speed steel and performs all the operutiuns at uiie pass. 
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iiaterial. Where the diameter is tn be maintained, the blades are ad¬ 
justable radially outward as the cutter is worn nr reground, the 
principal wear being on the outer corner. The serrations in the back 
of the blades fit corres|)nnding broached serrations in tin* hotly. The 
facing head, resembling the end mill, has rej)laceable blades which 
may be moved forward at right angles to tln)se of Fig. 64 as the blades 
are regTt)iind in the diametral ])lane whiTe most wear occurs. Cutters 



b'li!. ti'l. The O.K. Tool t'o. Series 700 liiserleil-niaflc ALljustuhlc ]h)rin|r Hcinl 
witli Tnlegiiil Taper Bliiiiik. 

of this type are made multiple or in combination so that dilTerent 
tliameters can be boretl, or fliameters bored and surfaces faced simul¬ 
taneously. 

Hollow mills or solid or adjustabh‘-ldade tyi)i‘, Fig. /59, arc^ used for 
forming external surfaces, as the multiple-blade boring tools form in- 
lernal surfaces. 


Torque, Thrust, and Power 


Values of torque, T, thrust, B, horseptiwcr at the eutter, hpr, and 
A'alues of AI and AC are given in Tal)le 9 for each of thi‘ several niatc- 
rials, as develoiied by a eountiabore with eutter diameter, IJ,. ^ 1 */| in., 
pilot diameter, in., r? = 3 lips, IVerl / =-- O.tKJl ipt, sjiecd 

1 = 189 fpm when rutting dry. The rounterl)ore is tipperl with sin- 
lered carbifle and has a radial rake angle of 0 deg and an axial rake 
"f +3 deg. 

All metals produce the .same formula except for differences in the 
Constants. High speed steel cutters will give about the same values. 
The factors are the ratio of the torque or thrust of any material to 
that of the SAE 1020 steel. The general formulas fur T, and 
are as follows: 


T = KinfiD.^ - 
B = 


hp 


2TrNKinf{Dr^ — Dp^) 

33,000 


27rNT 

33,000 
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Tablk !). Vamtf-h iiF TonquK, Thiujst, and Power for Counterborinq 
VAR iriirs Metals with a 3-Lii*, Carbide-Tipped Tool of 1^-i\. Dr and 
Dp Opehatinr at G.003 ipr and 18!) fpm, Cuttinf. Dry 




Torque, 

T 


Thrust, li 


Material Cut 

Bhn. 







hpr 

ll)-ft 

A'l 

Fai'tor 

lb 

As 

Kactnr 




SAi: 1020 sli'i'l, 









(- 1 ) 1(1 ilrawii 

ISO 

10.5 

4,130 

1.0 

258 

233,fXK) 

l.O 

1.81 

SAM 0150 .sliM'l, 
lidl mill'll 
SAi: Ol.'iOsli'i'l, 

l!)5 

21.1) 

5,540 

1.33 

115 

401,000 

1.72 

2.41 

lii'iil Iri'iih'il. 

MB 

Tunl stiM'l, 

241 

35.0 

8,700 

2.12 

510 

487,(KK) 

2.00 

3.84 

1c, 









Him pal (mJ 

Cast iniii, 

151) 

31 .0 

7,770 

1.88 

785 

700,000 

3.04 

3.4 

40,000 psi 

210 

14.0 

3,515 

0.85 

1 80 

105,400 

0.71 

1.54 

Miiiinl nii'tal 

207 

32.0 

8,020 

1 .!)4 

:r)0 

317,000 

1 .30 

3 52 

Pirns, limiizi' 

150 

12.5 

3,110 

0 70 

210 

101,000 

0.82 

1.37 

Lcailcil brass 
Aliiniimiin 

124 

0.2 

1,570 

0.38 

54 

48,000 

0.21 

.08 

alliiy, 24 ST 
Aluiniiiiiiii 2S, 

1,54 

S.!) 

2,230 

0.54 

210 

101,000 

0.82 

.08 

siiK 

MaKiii'siuin 

30. (i 

23.0 

5,740 

1 .3!) 

0!I5 

030,000 

2.70 

2 53 

rast M-allijy 

03 4 

•1.1 

1,033 

0.25 

00 

03,000 

0.27 
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REAMERS 

Definition and Classification 

A ri’iiimT is a liml usinl lor fnlarging nr finishing a holp prcvinusly 
ilrilU'iI, burl'd, ur fuivd, to give a guuil finish as wtdl as arruraLi' diinon- 
sluns. 

There are varimis classifications of reamers based upon operation, 
imrjiose, and sliajie, as follows: 

1. lliiiid iTiiinprs. 

2. Tiippr-.slijink julihi’is' riviniprs 

3. C'liiii'kiii^ nr iiiai'liiiii' ri'iiiiiPrs 

4. Sill'll ii'iiini’rs. 

5. Ceiiti'r rpiiiiuTs. 

Hand reamers have square tangs and arc driven by hand for sizing 
and iierfeeting holes. They may be straight ur helical fluted, Fig. 65. 
They are designed to remove hut a few thousandths of an inch of metal, 
and are slightly tapered for the first tliird of the body length to facili¬ 
tate their starling properly. They are not end-cutting tools, but rather 


6. Tiipnr rctiinprs. 

7. lOxpiiiiKinii rPRiiiprs. 

8. Adjust iihli* reiiiuers. 
!). Special rpaiiuMs. 
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f lit along the longitudinal cutting edges. The diameter of the shank is 
.jiruund 0.005 in. undersize. 

A threaded-end hand reamer has fluted threads for a short distance 
at the point. These threads give a uniform feed to the tool when 
reaming. 





Fig. 65 . Johln'is’ ITaniJ Rramer with TTeliniil Flutes. 

Thi'sr an* sido-niittiiijr nr si7.ifiK rmini'rs. 


The taper-shank jobbers’ reanuMs are of Ihe same flesign as hand 
ronmers, with tlio excejition of the shank, wliieh is tajiered for machine 
use, and the fact that the cutting edges arc not tapered on the end. 

Chucking or machine ri'aniers are iisial on machine tools such as 
drill presses, turret lathes, and screw machines. The fool may have a 



Fig. 66. Rnsp Chufkinp: Reamer with Straight Flutes and Tai)er Shank. 

ThiM Ik :im (Miil-niff iiik risiiiiLT with wiilr liiints ifmunrl nyliinlrically. 

Uijter shank; a straight shank, usually with a flat to engage the driving 
setscrew; or a special type, (diiieking ri'amers an* divitled into two 
ly|)es; tli(‘ fluted and rose. The rose cliiiekiiig leamer, with eccentric 
flult's and taper shank, Fig. 06, is designed to take lieavy cuts on the 
end. For this reason i( has no radial relief on the margin, but i.s 
iJi’uvided with a back taper of about 0.002 in. per ft. Hose reamers 

— .-^-1 - 

Fin. 67. Mm SI' TnjnM-Sh.'iiik Arbor for Slu'll Heiiincra. 

:irp particularly aiiaiited for reaming cored holes. Fluted chucking 
fcamers are .side cutting like the jobbers’ reamer and are used in ma- 
fliines for taking liglit cuts as in finisbing ruse-reamed or bored holes 
to .size. Best results aie obtained when the reamer floats, whieh per¬ 
mits it to align itself with the hole anrl ream the hole true to standard 
'ize. The margins of fluted reamers are cylimlrical for a width of 
<nily a few thousandths of an inch. Large reamers are jirovided as 
Hindis to keep the cost of the tool material low. The shells are inter- 
cliaiigeahle with arbors, Fig. 67, so that in the job shop, only one arbor 
is needed for a variety of shell sizes; or in proiluction work, the worn- 
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out shell may be replaced. Shell reamers may be either of the rose 
chucking type for truing the hole. Fig. 68, or the fluted type for finish¬ 
ing, Fig. 69. The fluted type may be made with straight or helical 



Fir. G8. Roac Slu‘11 Hnamers with 
iSlffiiKhl Fluti^s. 

Thi-s an iniil-riittiiiK iiiai'hiiiir rLMiiiiHr. Thu 
lainlx bur-k uf l.■llt.linK imIku aru iryliiiilriual. 


Fir. 0!). A SIikH Fluii;tl Reaiiuir with 
Fluti'.s. 

This u Niili'-riittiiiK reamer fur I'.Kht finish- 
inK ruts. Al.sii iiiailu \i'ith HtraiKht flutes. 


flute,s. When helical, the cutting edges an* tilted forward, rather than 
backward, as in the case of a twist drill. These reamers should be 
usimI in a fidl-floating holder so the reamer will align with tlie work to 
juoduec accurate and straight holes. 



Fm. 70. Helical Fluted Taper-Pin Reamer Having }4 in. per ft Pitch. 

11 ia made in aicBB from Nu. L. haviiiK a diaineter of 0.14B ut the email end, an over-all length of 
2^ in. and length of flute uf in., tu No. 12, having a diameter at the amull end of 0.842 in., an 
over-all length of in., and a length uf flute nf 10 in. 




Center reamers, eoibsisting of a small straight-.sliank tool with a 60- 
ileg point, are used for reaming the center holes of work lield on renters, 

and also for eounterboring for 
serewheatls. There are two tyfies, 
the first Iniving but one rutting 
edge in wliieli one-half of the 
cunieal point is removed, anil 
the second usually having four 
Allies, ('enter reamer.s having 
72- nr 82-fleg angles also are 
furnished. 

Taper reamers are used for 
reaming tapered holes. There 
are various clas.ses of taper 
reamers, depending upon their use. 
They are made with straight flutes. Fig. 71, nr with helical flutes, 
Fig. 70. The taper-pin reamers. Fig. 70, liaving a taper of 14 in. 
per ft, are used for reaming holes for self-locking taper jiins. The 
point of each reamer will enter the hole reaiiied by the next size smaller. 


Fir. 71 . Roughing and Fiiiisliing Ream¬ 
ers for Finishing Morse Taper Sockets. 

These rpamera are made fur ^Inrsp lapern Nn. 
D kii n, iiicl. The blades of the rnughiiiK rpnmer 
are alternalely notched to break up Ihe chips. 
A similar brI fur reaming Drown and Sharpe ta¬ 
pers fur Nub. 1 tu 12, incl., also is provided. 
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Roughing and finishing rcaiiiprs fnr finishing standard taper sockets, 
i ig. 71, arc made with the Morse, Brown and Sharpe, or Jarno standard 
taper. Other taper reamers are made, such as locomotive taper 
reamers with srpiare or taper shanks having a taper of Vi i; in. per ft; 



Fin. 72. liXpaiisinii [laiiil Reiiiiii'i'. 

All iirljiiatmcnt uf BRvcriil IhiiiiH:iii[.lLliM nf an iiirli nii tiiR tliaiiiRlRr is niiiic piiasible by expuniliiiB 
iiitcniul DiiiiBS. 

taper bridge reamers with straight or helical flutes for use in reaming 
the rivet and bolt htiles in struetiiral iron nr steel, boiler phite, aiifl 
similar work; and pipe reamers, with a ta|)er of ’Vi in. per ft. for 
ri'aming holes in pipe to be tapped. 

The expansion reamers, Fig. 72, are designeil juimarily for job-shop 
or repair work where it is neee.ssary to enlarge reaimal holes but a few 



CuHTtfi<y Morar Tinnt Drill and MarJiine. Co. 

Fio. 73. All Expan.sitin .Mrifliiiu* ]n*;iini‘i' willi Mm\sf* Tiipt*!- Shank. 

thousandths of an ineli. A production expansion chucking reamer. 
Fig. 73, after being worn undersize, may he expanderl by the taper 
plug and regrnund to the original size. 

Adjustable reamers are those provider! with arljiistahle cutting 
l)lacles as an integral j)art of the reamer. They have cutting edges on 
attached or inserted blades, and permit variation in size or give in¬ 
creased life to the reamer, as the worn blades may be adjusted and 
regroiind to the original size. 

The Gisholt Machine Go. shell reamer with high speed steel attached 
blades is designed for turret-lathe work. Blades are made in three 
types, with a right-hanil helix fur heavy roughing, with a left-hand 
helix for smooth accurate finishing, or with a double-fluted straight 
blade for general finishing. These blades are interchangeable on one 
hod> which should be supported on full-floating bars. By placing 
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sliiiiiH under tlie ijJades, tlie dull reamer can be regroiinrl to its original 
size. 

In the adjustable reamer, tlie blades may be moved forward and 
locked into position between two lock collars ojitTated by a spanner 
wrench. Tliis forward motion also increases the diameter of the 
reamer. Tliis permits the blades to be reground a number of times, 
after which a new set of blades can be inserted in the hardened-steel 
body. 

For roughing work, particularly on lough steel, a jmsitive rake or 
right-hanil helix is d(‘siral)le. For general work anil for semifinishmg, 
straight blades prove .s:iti.sfactury; but for finish reaming, the negative 
rake or left-hainl blade often gives best results. 

Reaming Speeds and Feeds 

In machine reaming, the peripheral speed shouhl be about one-half 
of that designati'd for a drill of the same sizi' ami material. The 
stock of metal on the ilianieli'r id’ the hole, to he removed by a 
finishing reame.r, siiould he about two-thirds, or less, of the feed of a 
drill of that size. In jiroduction work, this is kept as small as will 
clean up to gi^'e the best finish and greatest life of the reamer. For 
some machine reamers, from 0.002 to 0.000 in. is allowed. In job-shoi) 
work, where standard jobbers’ or fractional-size drills are used to pre- 
j)are the hole for the reamer, tr ,4 in. is the smallest increment. This 
may make it necessary to drill, rose-ream, tmd then flute-ream. 

Heaming is best accoiniilished in production by using tools of the 
expansion or adjustable type with relatively low speeds but high feeds. 
Less material shouhl be lemoved in reaming plastics than when ream¬ 
ing other materials. 

The feed of the rose reamer should be two to tlirei* times and that 
of the lliited reamer three to live times as great as the feeil specified for 
a drill of that size, dei)endiiig uj)on the material being reamed, the ac¬ 
curacy and finish desiied, and other ojierating comlitions, such as the 
number of cutting edges in the reamer and the metal cut. If the 
reamer chatters, reduce the speed and increase the feed. 

In reaming aluminum and its alloys, the negative helical fluted ty|Ui 
of reamer produces by far tJie best results. In reaming Monel metal, 
a high speed steel helical fluted reamer with a slow speed id' 10-15 
fpm shouhl be used, while the tool is fed slowly into the work. The 
dui)lex helical taper reamer, developed by the Pratt and ^^■hitney Co. 
for use on tough alloys, is very satisfactory for work on Alonel metal. 
It has two sets of four flutes, eacli set with slightly different lielix angles. 
This tends to overcome chatter and produces a true .smooth surface. 
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Cutting Fluids Used in Reaming 

Cast iron is reamed dry. A cutting fluid improves the results when 
n aming aluminum. An emulsion is often used, but kerosene or kero¬ 
sene mixed with lard oil in equal parts is found best under certain con- 
ilitinns. A little turpentine is sometimes added to the last-named mix¬ 
ture. Paraffin-base mineral oils, generally used on brass, are not 
suitable for aluminum. Aledium-hard bronze reams well with a light 
mineral oil, while hard bronze responds well to the cutting fluids recom- 
inejided for steel. 

Ill reaming steel, a mineral-lard nil or sulphurized lard-mineral oil is 
most generally userl for fluted reamers. A mineral-lard of 70 ])er cent 
mineral and 30 iier cent lard oil, or equal i)roportions, is sometimes 
ni'cessary for liard steels. For rose reamers, emulsions may be used 
for genera] work. 

THREADING TOOLS 
Forms of Screw Threads 

Threading (ools must bi‘ formed to cut threads of several different 
shapes, such as the American Standard (National C'oarse anil Fine 
series), V, Acme, square, jiipe, Whiiworth, buttress, Dardelet. 

The simple theoretical V thread is forineii l)y cutting a helical 
\’-shaped section from the periphery id' a cylinder. The included 
angle between two adjacent faces is 60 ileg. and the crest of the 
ihread and the root of the V are cut to sliarp points, as shown l)y 
(he light dashed lines in Fig. 74-1. The depth of tlie thread equals 
the jut eh times 0.866025. While this form of thread is simple to cut, 
requiring only a V-point tool, it is easily damaged and weakens the 
ihreaded bar because of its greater de])th and .shar])ne.s.s of root. 

The American (or National) Standard thread form is similar to 
the V thread excejit that the crest of the thread and the root of the 
iirooA’e are made flat, Fig. 74A. This form of thread has been used 
almost universally in this country, but is now superseded by the 
Unified series adopted by England, Canada, and the United kStates. 
riiese are ilescribed below and illustrated in Fig. 77. For small- 
munbered .sizes below Vi in., these threads are known as the American 
Society of Mechanical Engineers (ASME) coarse and fine series 
machine screw threads, as listed in Table 10. For the fractional 
'izes Vi in. diam. and larger, they are known a.s the National Coarse 
iXC) series thread, and the National Fine (NF) series thread, 
Table 11. The American Standard Screw Threads (ASA Bl.l, 1938) 
fnr bolts, machine screws, nuts, and commercially tapped holes give 
all definitions and the tolerances for various fits, such as loose fit, 
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frcr fit, incdiuiii fi(, iinrl cluse fit. The basic* size from v^’liicli toleranres 
and allowances are made is the pitch diaiiieter of the nut. The allow¬ 
ances are zero for the frcie and medium fits and slightly negative, 
causing interference, for the close fit. This latter, therefore, requires 
selective assembly. 



Fin. 74d. American (Naliniial) Enriri nf Screw Threarl. 

This is UHBfl in nnarHi^ uiiil Ann ilh wull uh thn ASMU iniii;hLni^-Hr>n‘\v isizi* VibIuw in. 

r = }iiti;ki = \/S. D * depth = pitr.h X ^ 0.r»4R.'il9/V. 

N “ threads per inch. F — flat = pitch/S. 

• Fin. 74R. The Acme 20-ticg Sijrew Thread. 

N * threa<lH per inch. W = width nf pnint uf tool fnr .screw thread = O.-ITOT/.V — 0.0052. 

F = width of screw nr nut thread = O.M7n7/.V. 

The depth of screw at root = I/2.V + 0.010. 

liure of nut = riniiiiiiul major duimetcr — (double der^th of thread + 0.020), 

Diameter of ta|i = numiiial majur diameter + 0.020. 

Fin. 74C. The Square* Screw Thi rad. 

F = flat width = r/2. D = de|)th = r/2. 

I* = pitch « 1/A'. iS = space widtii = F/2. 

The Acme 29-deg screw thread, Fig. 74/^, is made with 1-10, incl.,** 
threads per in. It is an adajitation of the most commonly used style of 
worm thread and is intended to take the place of tlie square tlireail. It 
is a little shallower than the worm thread, but the same depth, as the 
square thread. 

The square thread, Fig. 74r, as the name imiilies, has a square-sec¬ 
tioned screw thread, the face of whieli equals the space and depth. 
These threads, cut on a lathe, einidoy a square-ended tool with no side 
rake hut amiilc side relief. When cutting internal square threads as 
in a nut, the width nf the square-ended tool is from 0.001 to 0.003 in. 
oversize to permit elearancc between the nut thread and the s^rew 
thread. Also, the depth of the nut thread is made a few thousandths 
of an inch deeper than that of the screw thread for radial clearance. 
A lathe tool must he ground carefully for rutting Acme and square 
threads in order to provide sufficient side relief. The flank of the 
tool, instead of being vertically beneath the face, is inclined to one 
side equal to the angle of helix of the thread. Side relief then 
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Table 10. Machine Screws — Numbered Sizes* 



Size of 
Screw 

Threads 
per Inch 

Maj or 
(Outside) 
Diameter, 
Maximum 

Minor 

(Root) 

Diameter, 

Maximum 

Tap Drill 
Diameter 


1 

64 

0.0730 

0.0338 

0.0505 


2 

56 

0.0860 

0.0641 

0.0700 


3 

48 

0 0000 

0.0734 

0.0785 

(1 hrnail 

4 

40 

0.1120 

0.0813 

0.0800 

si'hps 

5 

40 

0.1250 

0.0043 

0.1015 


t) 

32 

0.13S0 

0.0007 

0.1065 


S 

32 

0.1640 

0.1257 

0.1360 


10 

24 

0.11)00 

0.1380 

0.1405 


12 

24 

0.2160 

0.1640 

0.1770 


0 

SO 

0.0600 

0.0447 

0.0460 


1 

72 

0.0730 

0.0560 

0.0505 


2 

64 

0.0860 

0.0668 

0.0700 


3 

56 

0.0000 

0.0771 

0.0820 

Fiiu‘ 

4 

48 

0.1120 

0.0K64 

0.0035 

serif‘.s 

5 

44 

0.1250 

0.0071 

0.1040 


a 

40 

0 13S0 

0.1073 

0.1130 


s 

36 

0.1640 

0.1200 

0 1360 


10 

32 

0.10(K) 

0.1517 

0.1500 


12 

1 

28 

!_ 

0.2160 

0.1722 

0.1820 


* Anirrii'.an (Ntitioniil) iStaiiilard rriarNe und film thrmi] fiierirH — iMUtecl upon the free fit, Bliuta 2 
NiTi'WN. Till' tii|i drill sizes are eniiiiiieridal sizes bused ii|»oii 75 per laaii uf slundurd thread depMi. 
riiread furiii shuwn in 7‘1-d. 


should be provided on each side of the flank. This is illustrated by 
the right- and left-hand Acme threading tools, Nos. 0 and 7, in Fig. V-6. 

The Whitworth thread was the stanrlard in England. It is a 
modification of the V thread. The incluiled angle between two ad¬ 
jacent faces is 55 deg, and the crest of the tooth and root of the V are 
inunded with a radius equal to 0.1373 times tlie jiitch. The depth of 
die tooth is 0.64033 times the pitch. It is now sujierseded by the 
rnified series. 

A buttress thread has a face at right angles to the axis of the screw 
m one side and a 4r)-deg bevel on the other side. This thread is very 
"irong and efficient when taking an axial loud on the radial face of the 
noth. 

The International Metric standard thread, generally used in France, 
iuis the same form and proportion as the American Standard. The 
American (Briggs) Standard pipe thread, Fig. 75, has a V form of 
diread, but tapers % in. per ft or Yjq in. per in., Table 12. 





356 


DRILLING, BORING, REAMING, THREADING 


Table 11. Basic Dimensions of the Unified Coarse and Fine Thread Series 
Unified Coarse Thread Series 



Basie 


Basie 

Minor 

Minor 

Lead Angle 



Major 

Threads 

Pitch 

Diameter, 
ext. thds., 

Diameter, 

at Basic Pitch 

Tap 

Sizes 

Diameter, 

per 

Diameter,* 

int. thds.. 

Diameter, 

Drill 

inches 

inch 

inches 

inches 

inches 

deg 

min 

Size 


D 

n 

E 

K, 


\ 



Va 

0.2500 

20 

0.2175 

0.1887 

0.1050 

4 

11 

0.2031 

Hr. 

0.3125 

IS 

0.2764 

0.2443 

0.2524 

3 

40 

0.2570 

% 

0.3750 

10 

0 3344 

0 2083 

0.3073 

3 

24 

0.3125 

K6 

0.4375 

14 

0 3011 

0.3400 

0.3002 

3 

20 

0.3080 

'2 

0.5000 

12 

0.4450 

0.3078 

0.4008 

3 

24 

0 4210 

Hfi 

0.5025 

12 

0 5084 

0.4003 

0 4723 

2 

50 

0.4844 

■Vs 

0.0250 

11 

0.5600 

0.5135 

0.5206 

2 

50 

0.5312 


0.7500 

10 

0 0S50 

0.6273 

0.0417 

2 

40 

0.0502 

14 

0.S750 

!) 

0 8028 

0.7387 

0.7547 

2 

31 

0.7656 

1 

1.0000 

8 

0.0188 

0.8406 

0.8047 

2 

20 

0.8750 

iH 

1.1250 

7 

1 0322 

0.0407 

0.0704 

2 

31 

0.0844 


1.2500 

' 7 

1.1572 

1.0747 

1.0054 

2 

15 

1.1004 

1 % 

1.3750 

0 

1.2007 

1.1705 

1.1040 

2 

24 

1.2187 

1'2 

1.5000 

6 

1.3017 

1.2055 

1.3100 

2 

11 

1.3437 

IH 

1.7500 

5 

1.0201 

1.5040 

1.5335 

2 

15 

1.5025 

2 

2.0000 


1.8557 

1.7274 

1.7504 

2 

11 

1.7812 

2 .V 4 

2.2500 

44 

2.1057 

1.0774 

2.0004 

1 

55 

2.0312 

24 

2.5000 

4 

2.3376 

2.1033 

2.2204 

1 

57 

2.2500 

2H 

2.7500 

4 

2.5870 

2.4433 

2.4704 

1 

40 

2.5000 

3 

3 0000 

4 

2 8376 

2.0033 

2 7204 

1 

30 

2.7IS7 

3H 

3.2500 

4 

3.0876 

2.0433 

2.0704 

1 

20 

2.0087 

3'i 

3 5000 

4 

3 3376 

3 1033 

3.2204 

1 

22 

3 1875 

3H 

3 7500 

4 

3.5876 

3.4433 

3.4704 

1 

10 

3.4375 

4 

4.0000 

4 

3.8376 

3 0033 

3.7204 

1 

11 

3.0875 


Unified Fine Thread Series 


Va 

0.2500 

28 

0.2208 

0.2002 

0.2113 

2 

52 

0.2131 

H R 

0.3125 

24 

0 2854 

0 2014 

0.2074 

2 

40 

0 2720 


0.3750 

24 

0 347!» 

0.323!) 

0.3200 

2 

11 

0 3320 

Kli 

0.4375 

20 

0.4050 

0.3702 

0 3834 

2 

15 

0 3000 

*2 

0.5000 

20 

0.4075 

0.43S7 

0.4450 

1 

57 

0 4531 

Hr 

0 5025 

IS 

0.5204 

0.4043 

0.5024 

1 

55 

0.5150 


0 02.50 

IS 

0 5880 

0.5508 

0.5f»40 

1 

43 

0 57R1 


0.7500 

16 

0.7004 

0.6733 

0.0823 

1 

36 

0.0875 

K 

0.8750 

14 

0.8286 

0.7874 

0.7077 

1 

34 

0.8125 

1 

1.0000 

12 

0.045!) 

0.8078 

0.9008 

1 

36 

0.0375 


1.1250 

12 

1.0700 

1.0228 

1.0348 

1 

25 

1.0460 

IH 

1.2.500 

12 

1.1050 

1 1478 

1.1.508 

1 

10 

1.1719 

m 

1.3750 

12 

1.3200 

1.2728 

1.2848 

1 

0 

1.2009 


1.5000 

12 

1.4450 

1.3078 

1.4008 

1 

3 

1.4219 


ICffective diameter. 
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Table 12. American STANDARn Pipe Threads with Lock-Nut Threads 
AND Basic Straight Pipe Sizes* 


Pipe Size, 
iiichcH 

Thrciiii.s pcT 
Inch 

A 

Ouisiile 
J^ianipter 
Pipe, inches 

D 

Toiiil TjRiikUi 
of Thread, 
inches 

H 

Tap 

Drill 

Sizef 

Is 

27 

0.405 

0.3749 

0.33!) 

H 

18 

0.540 

0.56S5 


Vs 

18 

0 67.') 

0.5745 

■’^4 


14 

0.840 

0.7480 



14 

1.050 

0.7600 


1 

11}^ 

1.315 

0.9437 

1?'32 

IK 

iiK 

1.660 

0.9677 

IK 

1^4 

1114 

1.900 

0.9844 

1^744 

2 

1134 

2.375 

1.0174 

2742 

2H 

8 

2.875 

1.5125 

254 

3 

8 

2.500 

1.5750 

374 


8 

4.000 

1.6250 

354 

4 

8 

4.500 

1.6750 

474 


8 

5.000 

1.7250 


5 

8 

5.563 

1.7813 


6 

8 

6.625 

1.8875 


8 

8 

8.625 

2.0875 


10 

8 

10.750 

2.3000 


12 

8 

12.750 

2.5000 



* I’ur pi|ii*-tlinvinl drsiwiiiK, scr'. Fiji. 7r». 

t Tap drill aiziis K>vmi purinit uf ilii'Rid. lapiiinK witliiiut reuiiiiiiK the hole heforRlirind. 


The Dardelet thread resembles the Anne thread in shape, but the 
thread depth is less, and the root of the tliread on the screw and the 
crest of the thread in the nut are tapered aliout 6 deg. The spare 
between the threads is abniil 60 per rent greater than the tliread width, 
so considerable end [ilay is provided. As the nut is tightened on the 
liolt, the tapered surfaces lock. This conibines self-locking and very 
great strength. 

The Unified Screw Thread Standard is shown in Figs. 76 and 77 
lor the internal thread (nut) and the external thread (screw). The 
niiniiiiuni, major, pitch, and minor diameters of the internal thread 
are respectively the same for three classes: IB, 2B and 3B. The 
tolerance on the internal thread is plus from the basic size. The 
tolerance on the external thread is minus from the maximum size. 
The basic formula from which allowances on all diameters and toler¬ 
ances on pitch diameters arc derived is: 

Tolerance (or allowance) = C(0.00l5v^ -h 0.0015V7^ -h 0.015 




358 


DRILLING, BORING, REAMING, THREADING 












FORMS OF SCliFW THREADS 


359 


in which (7 is a factor which differs for each tolerance or allowance 
inr each class, D is the basic major diameter, Ly is the length or 
iiigagemciit, and p is the pitch. The above threads are interchange- 



Kir. 77. Dispositiiiii uf TnlRrtinpes, Allowanncs, and Crest Cleanmries for Unifiod 
(^lasses lA, 2A, Mi, and 2B. 

’Clip ilriiwinK is tliy Maini; for tiilBranuuM anj crest clcaranees fur IJnitiQtl ClaMses 3A and 3B except 
tliat tile alluwanr.e is zcru. 


able with the American National threads. The allowance is applied 
only to external threads for which the factor C equals 0.300 for Class 
lA and 2A and zero for Class 3A. The values of C for pitch-diameter 
tolerances are as follows: lA, 1.500; 2A, 1.000 ; 3A, 0.750; and IB, 
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1.950; 2B, 1.300, iind 3B, 0.975. The tolerance on major diameter 
of external tlireads is equal to 0.09 for Class lA and 0.06 

for C'las.se.s 2A ami 3A. ("la-sses lA Iscrew.si and IB I nuts) are in- 
temled to cover the manuracture of threaded jiarts where quick and 
easy assembly i.s necessary ; Classes 2A and 2B arc suitable for parts 
required to be assembled reiulily but where smaller tolerances are 
desiri‘d. (Masses 3A and 3B have zero allowance and are desirerl for 
application where ch).seness Jif fit ami accuracy of leail and arisle of 
tbreaii are important. The Stiiionni liiirefni of Standtird-'i ('ircular 
479 gives tables for all ilimerisions. tolerance.s, and allowances. 



Eiis. 78. Mnthnil.s I'sfrl in ('lilting Threails on a IjSiUip with a 
Siin;li*-Pi)iiil Tool. 

Al A, till' Sturri'tt ('I’nlrr ickki* i.s shiiwn iilni'nil iiKuinHl tho imIki* nf thr wiirk Fur Inr.iirin^ thp V-|)nint 
tliri'ailiiiK with tin* Icft-siili' riiltiiiK ihIkp iil .'10 iIi>k rniiu ii rniliul liiip. Thp trtnl is hIidwti hI B 
rpuily Id takr siii'i-i'Msivp nils in I hi* wurk. iiidirtitnl hy ilitMlunl liiips, by bpiii^ fni railially inwHnl 
Ni'viTul thniisiindllis iif iiii iiirli, iisiiim llii' ^(l'rrw nf Ihp. noiiipuiiiul rpsl, ut nii'h |iii.s.s. The tiiul at B, 
ill iinliT In inaiiilain the li0-ili‘u; iiirlinlisl iinKb', is erniinil Hut nn tii|i, thiil i^, hu.s iin nike. When 
nilliiiK ibirtile iiietuls, ii rutting tnnl with h rake aiiicli* hark iif tin* nitliim eilife, a.s illiLstrated at V, 
iiia>’ be iiueil In iiilviiiitaKi*. This iiiiil. htiviii|r an inrhiilnl ii.n)!le slichtly less ihiiii liO i1i‘k, i.s fed inward 
nl eai'h |iuhh by the lead serrw nf the rniiiiunind resl. the hitti'r set iil ii .'lO-ilfK anah' frniii the ruilial 
liiir. .A tlirrad brinic rut by llir Kivrtt threuil tnnl riitter is shnwii ut 1). 'I'his nittrr is rirriilur, 
hiivinic 111 UM'th. Tniilh Nn. I, us illustrutnl, is Iniie and iiurrnw and takes thr first nil. Tnnth 
Nij. 2 extends .slightly di>e|icr iiitn the work, ete. Tuulli Nu. ID finishrs thi: thread tu de|ith. Earh 
tiHitli is bnniKhl HiirruHsively intn iiHr at nuuli iiuoa. 

Methods of Forming Threads 

Threads may be formed nn the inside nr outside of a cylinder or cone 
in several difl'ereiit ways, as follnws: 

1. With ii siu^lp-|)L)iiit. Ihi'CiiiliiiR tool, Eigs. V-10 itnil V-12. 

2. Willi II Ihrnsul I'li.'usi'i'. EiR. V-13. 

3. Willi a liip. Fik. 28. 

4 . Wilh a dll'. ri|c. 25. 
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5. Hv tlirfail niilliug (single ur limit iple tut ter), Figs. VIlI-16 and VIIl-17. 

6. By thread rolling, Fig. 31. 

7. By grinding. 

Those on the outside surfare may be formed by using a single-point 
(or thread chaser) tool, Fig. 78. The tool is fed by means of the 
leail screw a lateral distance equal to the lead of the screw thread 
for each revolution of the work. The tool is fed into the work a few 
thousandths of an inch for each cut. It is withdrawn at the eiiri of 
each cut to eliminate interference between the tool and work while 
being returned to the starting point. The work may be reversed as 
till' tool is withdrawn ami the tool carriage returned to the starting 
point by means of the half nut engaged with the lead screw, or the 
half nut may be disengaged from the lead screw at the end of the cut 
ami the carriage returned by hand to the starting [mint where the 
half nut is again engaged after the tool is fed in to projier dejith. 
^^'hcIl cutting internal threads, the tool No. 9 in Fig. V-6, or the onc‘ at 
the right in Fig. V-10 is used. 

A chaser or multiple ])ointed tool is shown in Fig. V-13. One, two, 
or three teeth on the feed siile are chamfered so as to distribute the 
chips over several teeth. In this way coiiii)lete threads may be cut in 
one or sometimes two jiasses of the chaser. 

Taps 

A tap, Fig. 79, as used in forming internal threads, consists of a 
series of radially placctl chasers mounted externally on a cylindrical 
body. Holes which arc to receive studs or screws are usually thrcaflcrl 
by the use of taj)s. The hole is first drilled slightly larger than the root 
iliameter of the threatl l)y u.sing a tap ilrill, so cmIIimI hc‘cause it is fol¬ 
lowed by a tap. The hole is then threaded by screwing the tap into it. 
If the tap drill is too small, an exce.ssive amount of power will be rc- 
riuired for tapping, resulting in tap breakages and poorly fitting threads. 
On the other hand, if the taj) drill is loo large, Lhe threads will not have 
sufficient dejith for strength. 

Types of taps: Taps are marie in a wide variety of sizes and shapes 
and for a number of specific purpo.ses (see ASA B5.4, 1948). They 
may be hand nr machine operated, anrl solid or adjustable. They are 
designated as serial hand taps, combination, interrupted thread, and 
collapsible. They may have two nr more straight or helical flutes. 
For use, there are the tapper taps, the nut taps with .straight or bent 
shank, machine-screw taps, pulley, taper and straight pipe taps, stay- 
bolt, stove-bolt taps, etc. Tap nomenclature is shown in Fig. 79. 

Tip materials: Taps usually arc made cither of carbon tool steel or 
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high 8j)t*efl stL*el. High si^eefl steel taps give from four to ten times 
the production of carbon taps. Carbon taps, however, represent a 
smaller inv^estment and are satisfactory when used only occasionally, 
as in the toolroom nr job shop, or on soft metals. 

Taps for abrasive materials should be very hard, and those for steel 
or deep holes should be tough. 



KiiJ. 7!l. A liiiiiil 'rtip with NDiiipiirhituri^ (ASA B5.1, l!)48). 


Relief : Tap threads may l)e formed with no radial relief or periph- 
(*ral clearance, i.c., the outer surface back of tlie cutting edge is cir¬ 
cular, or tliey may be backed-off or formed eccentric. The concentric 
thriMid is generally used on small hand Laps uj) to Vli in. diain. or even 
u|i to 1 in. diam., unless there is a tendency for the tap land to drag. 
A relieved tap of nominal diameter will cut slightly larger when new 
than the concentric tap, but tliere will be a reduction in diameter 
when the front cutting faces are reground. About 75 per cent of the 
taps used arc not relieved. Pipe taps are relieved about four times as 
miicli as standard. They are ground on the face and on the cliainfcred 
end of the taji in order to maintain size. The ehamfered end of all 
taps must, however, have relief back of the cutting edge. 

It is good practice to have longitudinal or back-taper relief. This 
makes the pitch diameter of the tap smaller at the shank end than at 
the i)oint. 

Cut and ground threads: Tap threads are finished by cutting when 
soft or grinding to size after hardening to produce a better finish 
and to eliminate decarburized surfaces and distortions set up in heat 
treating. Taps with ground threads usually are of high speed steel 
which may be quenched from 2,350° F rather than 2,250° F re¬ 
quired for fine-point tools. Ground taps give greater accuracy of size, 
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lead and thread form, greater tap life, higher tapping speeds, fewer 
broken tai)s, and greater interchangeability of threaded holes than the 
cut taps. 

Hand or power drive: When tapping is done on a small scale, the 
tap is commonly turned by hand with an end wrench or tap holder; but 
when considerable tapping must be done or where excessive power is 
required, it is better to rotate the tap by power. 

Hand taps: Hand taps, Fig. 79, have short square-end shanks, and 
are used both for hand and machine tapping. 

Each size of hanrl taj) is usually made in three degrees of tajicr or 
number of threads chamfered, such as the taper, plug, and bottoming. 
The taper tap has 7-10 chamfercrl threads. It is used for tajiping 
through holes where the length of llie bole iloes nt)t exceerl one and one- 
half times the diameter. In long holes, tin* la|)er ta[) has too much 
cutting edge in operation at one time, which rerpiires excessive tortpie 
and often results in tap breakage. The plug tap has a 3-5-thread 
chamfer. This is the most generally usetl ty])e of taj), particularly in 
machine tapping. The hole should be drilled deep enough to j)revent 
I he tap from bottoming. I.ack of this precaution results in many 
broken taps. The friction slip chuck has been developed to ov(‘rcoine 
this cause of breakage. The bottoming taj) has a 1-thread chamfer. 
It is rarely used, excejit to follow the tai)er taj) for ])roducing threads to 
the bottom of a blind hole. The short chamfer tap, taking heavier 
chips, has a tendency to cut oversize; the long chamfer tap cuts closer 
to size. 

AVhen tapping by hand, care must be taken when starting the taj) to 
see that it stands [)erpendicular to the surfaet. A tap wrench having 
double-end handles is used. The leading end of the tajier tap is small 
enough to enter a short distance into the openiiig to be threaded before 
starting to cut. This helps to align the tap axis with that of the hole. 

In machine tapping, the alignment of the tap with the hole to be 
tapped is important. When alignment is not assurerl, a floating holder 
should he used to permit the tap to follow the hole without breaking. 
A hand tap with the “ spiral ” point has the flute deepened at the 
point to give hook and negative helix to the chamfered teeth. This 
point permits shallow flutes, giving a strong tap. The chips are forced 
ahead of the tap so they cannot clog in the flutes. These taps are used 
principally on tough steel, fiber, or hard rubber, hut also are very good 
for tapping long through-holes. 

Hand taps may he furnished with two, three or four flutes. The 
smaller-size taps usually have the smaller number of flutes. The 
nuniuer of flutes recommended for ground-thread higli speed steel taps 
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Table 13. Gbnebai, KEroMMBNDATioNS Regardinr the Nu.mbeh of Flutes 
FOR Taps ok Different Sizes When Tappino Different Metals* 


iSizc 

Ciifit Inni 

SI.prI 

Aluminum 

H 

2 nr 4 

2 

2 


2 or 4 

2 ur 3 

2 


3 or 4 

3 or 4 

3 

He 

3 or 4 

3 or 4 

3 

'A 

4 

3 or 4 

3 


4 

4 

4 


* ('uurti-sy John Makh nnil 1'uiriiiany. 


in rlifTi'rcnl mctiils is iinlicjiturl in Tm})1c 13. Very few jobs roquire 
iwn- nr HiiTC-fluU' tups iibnvc' in. fliiiin. Tlin four-straight-flute tap 
is best fnr liiiinl iMppiiij^ nr for niafliining work in fast iron nr inaturial 
which cmniblcs rather than cuU iiiln curly cliips. The three-flute 
pluji; taps have larger flutes nr chip spaces. Tlii.s makes i)n.ssible 
j^reater rake angles anri still provides strength fnr use in machine 
tapping steel ainl other metals which ha^i* a stringy chip. The two- 
flute i)lug taps are made in small sizes fnr machine tapi)iiig tough mate¬ 
rial. These taps nl'ttui succeed where three- and four-flute laps break. 
A one-flute taj) is sometimes used for tapping cnpi)er. 

The flutes may be milled straight or helical. In some taps, the 
helix of the flute is at right angles to the helix of the threail. This 
produces a correct thread form in the hole ainl gives both angular 
sides nf the thread the same smnnth finisli. On flifficull ta|)i)ing jobs, 
the serial ta|is, consisting id‘ two undersize roughing taps and a size 
finisliing tap, have been found practical. Serial taps are marked with 
rings around the shank near the square, one ring indicating the first 
rougher with a long chamfer, two rings the second rougher with a 
short chamfer, and three rings the finisher. 

The usual practice to avoid tap breakage is to i)rovide the small taps 
up to and including in. diani. with .‘thanks the full diameter nf the 
thread, Fig. 83. Taps "/in hi. diam. and larger are furnished with 
shanks below the root diameter of the thread. Hand taps are made 
in a wide variety of sizes and types of threads. 

The tapper tap. Fig. 28, has a long shank and long tapered thread. 
It is used fnr tapiiing nuts in quantities. These taps are made in 
standard over-all lengths of 12 and 15 in. for all sizes from % to 1 in. 
diam. with any standard tyjie nf shank, such as the plain round, the 
flattened, the square, and other types to fit various machines. 

Nut taps are (piite similar to the tapjier tajis in general ap]iearance. 
They have shanks shorter than the taj^iier tap and longer than hand 
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taps. TliP shank is provided with a srpiare tang, similar to that used 
on hand t^aps. The nut tap is used for small-quantity production work 
on holt cutters, drill presses, etc., for tapping through holes which are 
Ti[)t more than V /2 diameters long, and where accuracy and ability to 
cut a full clean tlu’ead are essential. 

Pulley taps are quite similar to the plug hand tap having an extra- 
long full-size shank. They are used for tapping set-screw and oil-cuj) 
holes in jmlley liiihs. The full-sized shank acts as a guide through a 
hole in the rim of the pulley. 

Taps for cutting Acme tlireads are made resembling the usual hand 
taj). Acme threads retiuire the removal of a great deal of metal so 
Uiat usually jirogressive tai)s are recpiired. Acme tajis may he fur- 
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Kirj. 80. Tliu Mohawk Sul)laiiil Drill Tap for Usi* on Tliroiiglrlloirs Surli as Platos 

anil H'laiigrs. 

'I'hi' ilrill fjHterininiMl by iiirli'iumrb'iit ribs, is uiiproxiinuti'ly ri|iiiil it) llii‘ iiiiiior tliaiiii'tiT of thi; 
tlinnul. TIil‘ tap is runutul uii a sfparati* set nf rilis sii that a hoir may bi* ilrilliMl aiirl tappail in ani' 
pa.ss of tlii‘ s])iiitili>. Tin; drill and lap may bi* .sliarp(^ni>d iiidRi*>'f‘'k;iitly. 

iiislied in the siugle"i)a.ss long-tajier tyj)e, or in sets of twi), three, four, 
or (‘V(‘n five prngres.sive-cut taps. 

The bent-shank tapper tap is ibsed in higli-jiroiluetion tajiping, 
Fig. 29. These tajis are furnished with tliree flutes uj) to ;V| in. diain. 

A pipe tap is tapered. As tlie tap is fed into the jiipe, cutting occurs 
along the whole length of the flute until the jirojier depth is reached. 
A straight jiipe taj) is made for taj)piiig holes for grease-cup fittings, 
i)il-l)res.<iire lines, etc. Interrupted-thread taps, in which each alter¬ 
nate cutting jinint along the rib is removed, are furnished on any type 
of tap for tapping tough metals, such as steel tubing, drawn cups, 
cupjHT, and brass, or any nu'tal that has a tcnflency to produce torn 
tlireads resulting from jiinching between two adjacent teeth of the 
tap. For best results, interrupted-thread taps having a thread with 
aiiiigle lead should have an odd number of flutes to follow correctly. 

A combination drill tap for drilling and threading the hole in one 
pass is shown in Fig. 80. 

Collapsible taps and self-opening die heads are provided where it is 
not uesirable to change the direction of rotation of the tool or work to 
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withrlniw thv tap or tiic after finish-cutting the thread. Such a non¬ 
rotating cullaiisihle tap with four radially placed chasers is shown in 
Fig. 81. A self-opening rotating die head is shr)wn in Fig. 25. 

Threading Dies 

A die, Fig. 82, as used for cutting external tiireads, consists of a 
series (d’ internal radially niounteil chasers. The teeth of small chasers 
are cut on a helix to draw tlieiii onto the work after being started. 
The tei'th on large chasers are usually cut straight, Fig. 25, a lead screw 



Fifj. 81. Till* Miiri‘lu*v Miii'liim^ and Tind Cii. Li‘vi*r Haiidli*-Typj* NonrntatiiiK 
1'ollap.sihli* Marliiiir Tap. 

TIum tup In iinimI iiii iiiii(OiiiirN liiiviiiK Mtatifinary tuul Mpiiitlli's, Niirhar^ turret lathuH anilHi;ruw iiiar.hiniiH. 
Wlirri* I hi* Npiiiilli’ ri*viilvt;n, iin oil ta|)piiiK iiiuuhiiii'M and drill prmsi*h, a HliiliiiK nollar typK of tap in 
iiHi'd, Hui-h as t'liiployi'd on tlii^ din shown in Fie. 20. Tin* rha.sp.r 8 r.ollapsr autuniatirally, after ruttini' 
any rlrsiri'd IriiKth of tlirnid williin llirir limit, hy iiii?an.s of u iriiipiiiK rinu sitt to roini* in roiitiirt with 
the fun* of thr work aftiir tin* riM|iiirtMl IrriKlh nf tlireuil is rut. The Lap is then reaiiy tn be* withdrawn, 
after whirh tin* eliH-sers are expanded by ineans of the lever handle. I'hey are made in .sizes from 
114 in. to 12 ill. diuin. 


hi'ing used to ailviince the rlie on the work. The leading ends of the 
chaser Ihreails are chamfered to form a throat into which the work is 
led. This throat not only guides the work into the die or the die onto 
the work, but also serves to distribute the cutting over a greater number 
of teeth. 

Dies used for cutting external threiuls are made for a wide variety 
of inirposes and in a number of types, as follows: 

1. Tlu' solid ilie. 3. The sjuing adjusUible die, Fig. 84. 

2. Till' adjihstiibli* die. Fig. 82. 4. The* .self-ujioning die head. Fig. 85. 

There are a number of types of solid dies, such as the hexagonal 
rethreading die, the square-pipe die, and the round screw-thread die. 

The adjustable dies. Fig. 82, are so constructcd that the die may be 
set to a master cut slightly oversize or undersize by expanding or con¬ 
tracting it. These dies arc held in diestocks when being used in hand 
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tapping, as shown in Fig. 23, or in a bitbrace shank holder. A small 
set of hand taps and adjustable dies with wrench and stock is shown 
in Fig. 83. 



Fir. 82. AdjuRtahlp Round C^ru^m QvBmjivld Tap and Die Carp. 

Split Dio with Adjusting Fig. 83. “O.K. ” Jr. Round Die Screw 

Screw; Made in Fraf^tional liiirMi Use. 

and Maehiiie-Serew Sizes. . . 

One pluK tap and one ^'^-iii.HiiirHiile-diiiin. die u 
furiiisiheil for ruttiiiR National cr)arsR tJirRailn. The 
Block or die wrench claiupB the die in place by the 
fiingle screw. The T-handle lap wrench h:uB a four- 
jaw' chuck for grippiiiK llif Hquiire eiidB of the taps. 


Spring screw-threading dies for machine use are adjusUible by hav¬ 
ing a collar tlireadeil over the tapered end of the die, or by having 
clamped collars, Fig. 84. 



Fig. 84. Spring Screw’-Threading Dies for Maehine Use. 

The clamp collarH provide easy adjii.^tmenb of size. The dice are made w'ith 2^^ to 3 threads chamfer, 
and produce a very Kood form of thread, lead, and finish. The cuttinfc edgSH aro regularly made 
slightly ahead of the center to give a rake. 

Die heads are bodies in which chasers are mounted radially, Fig. 85, 
or tangentially, Fig. 25. The chaser.s, of cutting-tool steel, are adjust¬ 
able and replaceable. Many die heads are self-opening, i.e., they 
are so constructed that the chasers are in the correct threading position 
when the die is fed onto the work. At a predetermined position within 
a short distance from the end of the thread to be cut, the turret or 




368 


DRILLING, BORING, REAMING, THREADING 


toolholfler is stoppLul while the front portion of the head continues to 
advance. After a short advance, a lock is disengaged which releases 
the chasers aiul allows tliem to exjiand radially away from the- work 
so that tlie die head may be withdrawn over the work without damage 
to the cut threads. The chasers of the die head, a.s well as tliose of 
the collapsible tap, are then restored to tlieir cutting position by means 
of the handle, just before the start of the next cut. 



Fin. 85. A Pluinioin View of Uu* GiMimntrip Tnul Co. Self-Opeiiini; Die TTeiid 
( 'oTitaining Four ILiilial CIuisims. 

TIiim ih a niiiiriitatinR hRuil univi'rMally uhimI lor proilurinK Rcrow thrcuilH on hand screw iiiarhiiica. 
Fine udjnsliTicnts iif the thread size are perinitteil. 

Die features: There are a number of important features lo be eon- 
siiliTrfl in the application of threatling dies, such as rake angle, lead or 
chamfer, chip space, relief angle, number of chasers, and cutting fluid 
used. 

The teeth of the chasers may be bobbed, cut straight, or turned, 
Fig. 86. Th ose cut straight may be milled, and the straight and cylin¬ 
drical ones may be ground. 

The relief is the space between the threads of the chasers and tliose 
of the work. Teeth cut straight are cut on a bevel to iirnvide proper 
relief. Hobbed eutters are eut by a hob eutter of a diameter larger 
than that of the work to be threaded so that, when the ehaser is brought 
to its proper position fur threading, a suffieient clearance will be pro¬ 
vided between the eul threails of the chaser and tliose of tlie work. 
Some die heads lueate the cutting eilge of the ehaser on a radial line; 
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others locate the center line of the chaser on the radial line so the 
putting edge is offset. The cutter must be ground to jirovide the cor¬ 
rect rake and relief angles, Fig. 86. For most work on cast iron, 
brass, and bronze, malleable iron, hard rubber, plastics, and hard steel, 
0-5 deg rake is sufficient; for steel in general 8 deg, for magnesium. 
Monel, and stainless steel 12 ileg; and for aluminum 20-40 deg. The 
National Tube Co. recommends a 15-20-deg rake angle when thread¬ 
ing Bessemer steel pipe, and at least 25 deg when cutting ojicn-hearth 
si eel id])e. The face should be curved for all soft steels and ductile 
juelals back of a rake of 5-10 ileg so as t(‘ curl tlic chips. 



'File ca.st phennlics are tajipial and threaded with standard tools. 
However, the ground high speed steel lai)s with large polisheil flutes, 
with 3 instearl of 4 flutes or 2 insteail of 3 flutes, are pri'feral)le. Taj)- 
ping speeds are usually from 40 to 60 fpm anil water serves as a 
good cutting fluirl, as it keejis tlie material brittle anil prevents it 
from sticking in the flutes. As taps liecoine worn because of the abra¬ 
sive action of the jilastics, they will cut undersize. Thread cutting is 
generally accomplished with tools similar to those used on brass. 

The chip space should be sufficient to jiermit the coileil chips of duc¬ 
tile metals to roll and flow from the ilie head, rather than become 
cramped and clogged. If sufficient chiji space is not allowed, the chips 
will pack ra|)idly in front of the chaser, causing rough, torn threads. 

Cutting fluids of kerosene or paraffin oil plus 5 per cent lard oil or 
oleic acid arc good for threading aluminum anil its alloys. Emulsions 
or paraffin are used on wrought bra.^.^ and bronze, cojiper, and malleable 
iron, and sulphurized nils generally give be.st results in threading all 
ductile steels, iron |)ipe, wrought iron, and Monel. It is important to 
lubricate the chips in the flutes. 
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The lead is tlie angle uf chamfer which is machined or ground on the 
first few threads of each chaser to enable the die to start on the w^ork 
and to distribute the cutting over a number of teeth. The lead, as with 
the taper or chamfer in tafis, may be machined on before hardening, or, 
as is more frequent, it may be ground on after the chasers are hardened 
and tempered. About thret^ threads are chainferefl. As most of the 
cutting is done by the chamfered teeth, they should have a slightly 
greater relief angle than the rest of the threads on the chaser. The 
outside dianuder of tlie tliniat shouhl be slightly greater than that of 
the pij)e or bar to be thrernled. 

The number of chasers of a die must lie determined by the amount 
of metal to be reimjved. For pipe Ihreading dies, the National Tube 
Co. recnrnnienfl.s that dies on (lower machines U|) to IVi-iri. size should 
have at least four chasers; V/j^ in. shouhl have at least six chasers; 
4^/j-B in. shouhl liave eight rdiasers; and 9-12 in. shouhl liave at least 
twelve chasers. With an insufficient number of chasers, the dies will 
chatter and cut a rough thread. 

Threading speeds: It is (liffii*ult to give definite information as to 
threading sfieeds, in view of the unliinited variety of materials of dif¬ 
ferent cutting finalities to he tapiied with earhon-tool-sleel anrl high 
s])eed steel tM|)s. Ta|)s which o])erate (lerfeetly in oiu' (ilaee will give 
trouble in anotlu'r |)lace where conilitions s(‘em to he iilentical. This 
indicates that very slight changes in the metal cut, the taps, tlu‘ sjieed 
of o|)eration, the cutting fluiils, or the equipment used, materially 
com|)lieate the situation. 

As a general rule, threading with carhon-steel taps and dies is done 
at sjieeils of KJ, 15, or 21) fimi. The .^lowest sjieeds are useil for hardest 
materials and small laps; the larger speeds are used for the softer 
materials and larger laps. Tap|)ing or threading brass may be done 
at siu'cds several times greater than those for low-earhon steel. W'hen 
high sjieed steel ta|)s and dies are used instead of carbon steel, the 
s|)ee(ls may be doubled or even trebled. Ground high siieerl steel taps 
often are operated at drilling s|ieeds. 

Torque and power in threading: The torque in threading is prac¬ 
tically independent of s|)eeil. For cutting American Standard NC 
threads in SAE 1112 screwstock with self-opening die heads with 
chasers having a 20-deg chamfer covering two threads, and 7-dpg rake, 
typical values in i)oimd-feet are 2 for Vi in. by 20 threads, 3.25 for 
Viis-lS, 4.375 for %-16, 8.7 for K-13, 14.5 for and 21.5 for 

%-10. These values of torque jilotted over diameter on log-log paper 
give a straight line T\r == 40d-Torque for the NF threads are 2 
Ib-ft for '}s“ 24, 4.5 for ^2-20, 6.2 for and 9.5 for %-16, giving 
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thr* rquation Txf 17.3d-^. The net horsepower at the tap due to 

toiniic equals in which A’ is the speed in revolutions per 

* 33,000 

minute. 

The tor(]ue nr i)Ovver for threading other metals may be obtained 
by multijdying tliose for SAE 1112 steel by factors as follows: aliimi- 
niim, 0.45; brass, 0.63; SAE 1020,* 1.10; SAE 3135* and 2320,* 1.21; 
SAE 1045* and 1335,* 1.27; SAE 3140,* 1.37; SAE 2330 heat treated, 
1.47; SAE 1045 heat treated, 1.68 {Markmcrij. November, 1932). For 
taj)ping cast iron with NC taps a value of 2 and for NF a value of 
0.75 of that required U) tap SAE 1112 steel may be used. 

The Hoefer Manufacturing Cd. found that Briggs ])ipe taps in cast 
iron give a formula for torque in pounil-feel of T lOOr/’ Typical 
values are 6 Ib-ft for Vs-in.-diam. tap; 17 Ib-I't for Vi in.; 26 Ib-ft 
for % in.; 46 Ib-ft for ^*2 hi.; 60 Ib-ft for ‘Vi in.; and 100 Ib-ft for 1 in. 

Machines for Grinding Drills, Boring Tools, Reamers, and Thread¬ 
ing Tools 

There is a wide variety of tyjies and sizes of macliines on tin* market 
for grinding cutting tools used for drilling, l)oriiig, reaming, and 
threatling. The machine in Fig. 87 is erpiipped with a wheel al one 
enrl of the motor shaft, and attaclnnent for ilry grimling ipoirding) 
flrills aiul a straight wheel for general liaml grinding on the oilier 
(‘lid. The arm carrying the V’s, in which the drill rests, is inclined 
to provide the standard [loiiit angle id’ 118 deg. The Sellers No. 6G 
drill grinder, Fig. 88, points twist and flat drills from in. to 3 in. 
diam. at any point angle from 60 to 130 ileg. The drill is snjiported 
on an adjustable shank center and two jaws bearing on the margins 
near the jioint. Grinding may be done under a copious sujijily of 
coolant. The Sellers No. IG drill grinder. Fig. 89, is for small drills 
(from 0.028 in. diam. to in.). 

The Oliver drill pointer grinds a relief back of tin* cutting edge 
which is considerably greater at the end of the chisel point than at 
the periphery. Strong claims are made for this tyi)e of drill-jioint 
grinding. Special grinders also are ])rovided for |)oint thinning, as 
required for drills after being sliar])ened several tinu's when the web 
thickness is increased. A straight wheel rounded on the j)eriphery 
grinds in the flute at an angle of about 15 deg from the axis of the 
drill. Care must be taken to keep the new chisel edge on center, as 
shown in Fig. 45. 


= annealed. 
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Bnring tools, ri'iiinors, and taps arc .sliarp(?ncrl usually on universal 
tool and cutter Ki'inders, such as those used in grindiiiK milling cut- 
t(;rs. Tools of this tyi)c arc best supported on centers or in collets 
wliile hein^ ground. 

The j^rinilin^j; inacliine for reconditioning taps is shown in Fig. 90. 
The illustration at the top shows the head for chamfering. The tap 
held in a collet .9 l)y its shank is brought against the face of a straight 



Fig. 87. Tin* Cnvel Mjinufai'liiriiig (U). “New Yiiiikee “ Motorized Grinder. 

TLu< iMip whi'i'l, A^U-K.^iVIUC. iin tin* riulit luirl iif tin* spiiidli* is iirraiiKi'il Iitr pi>iiitinii; drills. The 
drill is ri!sti‘il in tlu‘ Vs with tlio shank siippiirti'd cm tin* adjiistahli* i>i*iili‘r. The* MiiIimI i‘dt£i‘ id the 
drill is riirir(*il idin-kwisi' UKiiiiist a siiiall plate* at tin* li'fl i*iiil nf tin* lar^i* V. In (his piisiliiiii, tin* whiih* 
arm sii|ipiirliiiK tin* drill is iisrillatcHl iiImiuI an ini.;liiu‘il axis just lii*liiw the* wlii*i‘l. Whilr tin- drill i.H 
lu'iiiK ijsi'illiiti'd imiiiiist the* ahrasive wlii‘i.*l (crindiiiif uni* lip, it is fi;ii sluwl.'i' rurward iniu the- wluad hy 
iiinaiis Ilf till* kiiiir 1 i*il haudwIiLM*! cm the* sliiiiik l■l‘ntl;^. After mu* lip is lightly Kriiund. the* drill i.H 
riitali'il IHt) di‘H, and tin* Hi*i'und lip is Krmnnl. A whi*id dresser is shiiwn attiii-hi'd tu I hi* tup iif the* 
wliiM'l a>ii^rd. 'I'liis dri*NSLT may In* nwuiik iiitn piisitiun and rijrei*d aKaiii.**! (hi* wheel tci true i( ii|i iiiul 
shiirpi‘11 it. Tin* wlmli* arm and iiirtiiied axis are ailjiistiilile tu and frum the* whei*! uii the horizuntal 
shaft just lieliiw the iiiutur. A siruiahl uVirasive wheel is mnuiited uii the left imd uf the iiiuiur shaft 
fur Keiieriil luiil igriiidiiiK hy hand. An urijustahli* T rest Ls pruvideil. 


wheel and rotated through a small arc according lo Ihe setting for the 
number of Ilutes and aimtunt of chamfer. C^ollets of most sizes up to 
1V4 bi. diam. are standard etiuiimient. Operating lever 1 is brought 
forward till the stoj) on tlie drum holding the collet is stopjted by jiin 6 
located in a Imle eorrespoiuling to the number of flutes nf the tap. The 
drum 0 is adjusted in or out and held by the plunger .i’ in a iiositioii cor¬ 
responding to the number of flutes. The tap is rotated in the collet 
until the cutting edge of one land is in line with the horizontal center 
line of the wheel 12 and located iirciirately by the finger IS supported 
from a hole in the face nf the heail; then the collet is tightened with 
knob 4 . The graduation 7 is set to give eecentrie relief for right- or 
left-liaiid taps. The head is adjusted in the sliding base arm 17 which 
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is swung to the desired angJe of cliaiiifer indicated on graduation 15. 
After removing the locating finger 18, truing the wlieel with the dia¬ 
mond 10 supported on pin 11, the wheel is moved against the tap by 
wheel 14’ r't* index, the plunger in the sleeve 5 is withdrawn by 
depressing the trigger 2 and turning to the next hole. 

For flute grinding as shown at the bottom, Fig. 90, the tap is located 
in the collet and clamped by the nut 1. Knob 11 provides cross trav- 


Swing Chuch 
on Centers" 


Drill 

Clamping 

Screw 


Coolant Pipe 


Jaws Tor 
Holding Drill 



Coolant 
Reservoir 
and Pump 


Courtr.HH Consolitlfilrd Murhirf; Tool Cnrp. 


Fig. H8. Thn Snllnr.s UG Drill (irimlcr for Drills in. In .■? in. rlisiin. 

This is ii wpt ttrinrlpr. Rnii|rh irrinilinc is Hmiiiiplislii'il by tiikirg a suennssiun ^jf hinivy ruts holdiiiK 
Ihf* l■llllr■k stiOiiin:iry uiul iinssinK thr wlir*i.*l uphiss :i nurrnw purtitm iiT thn lip, turninu thi' rliiirk 
slitliUy fur ^Nlf■h .siiiM'rssivi- riiit until tlin wholp flsiiik is n*Krminil. Tlinn. by iiHfilliitinu thf chiirk anti 
pii.ssiiiir ilip liiihtly iivi.T llir nutting eilEP, u .siniioth Hank i.s obtiiiiii’il. Tim ilrill point uan he 

:tiljiisti‘il rnnii lid tu IfiO ili‘e. 


erse, and wheel 14 tilts the table to the luoper incline, Avhich is 
chiinped by the nut 18. The wheel is hand dres.'jed by a honing stick 
to the contour of flute de.^ired. The tap i.^ located under the wheel 
in a tangential po.sition anil traversed by the crank 12. The imlex 
disk 3 ha.s notches for the trigger 4 to corresjiond with tlic number of 
flutes in the taj). After grinding one flute, the tap i.s indexed by 
releasing the trigger, turning the spindle by hand until the trigger 
engages in the next notch. 

Fcr grinding the spiral (helical) point the tap is tilted to the desired 
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angle nn scale 5. The stop 9 is set so the tap can be fed to the 
rerpiired distance in both flute and point grinding. 



Couvlrny ConauUdaied Mnvhine Tnnl Carp. 

8!). Si'linrs No. IG BiMicli-Typi* Drill ({riiiili'r. 


Drills rrijiii n.O'iR in. (Nii. 70) In '2 ilium. liuviiiK ilrili piiint aiij|rli>s rnnn fin tit IfiO line with any 
rlcsirnl ri-licf iiiikIi* can hi' uniuiiii. The rlrill is iiiscrtiMl with the tanis in tin* V rciicHs, unil thr* huily 
su|i|iiirh'il in tlii> jiiws mi thi' iiiiirKin willi tlic imiiit iif the drill I'xtcniline licyoiiil the rhiick jaws iiliiiiit 
I '2 the drill diiiineter. A liirii nf llii* l■llllr-k Iniiidwheel iduiiips the drill. The drill pniiit is next 
pii.siliiiiied nil the fiiei' nl the wheel by meuiis nf the lever ut the hiittniii. .\.s the ilrill is nscilhited 
nil its siippurtint!; friiiiie, it is iMitihiidly red iiKniii.sl the wheel by the Iwu-hiinillerl Knidiiiiteil iliul. The 
drill is llien indexeil I HO de^ fur KrindiiiK thi> .seeuiid cntliiiK edice. A eup wheel uf u |;eneral type 
.A-IOKV is used. 

The throat of thrcatl cha.'^crs for tlic heads is ground Viy hand or on 
machines especially ilesigned for the inirpose. In grinding reamers 
and boring tools, the grinilers must be in good condition. AVheels 
similar to those outlined in connection with grinding milling cutters 
have been found most satisfactory. 

QUESTIONS 

1. Explidn the lulvnnOiKt' uf ii rDuuil-enhinin type of drill press over the box 
type ns it utTeels tlie iiiaxiimiiii heijshi of work that niiiy bi‘ drilled. 

2. Explain (he ndvanlii|se of the tidjustiible Oible on n drill press. 

3. Explain ihe adviiiila^e of the sliding head on u drill press. 

4. Whiil is meant by eoiiiilerlniianein^ the spinille? 



Courtesy Drlntit Tap and Tool Co. 

Fig. 1)0. A Tap RtPonditioiii;r for Grinding Chainfers, FluU*s, and Spiral Points. 

ThLs w a |ieileHtu1-type machine with a cnliinet in thr baHC w'ilh twii whfcl.s ami ImailH. The head 
at the top i.s fur Krindine charnfera, w'hilu that at the buttuin ia fur Kfindints the fluiuK fur rake and the 
chip driver type of spiral point. 
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5. Explain Mifi iJiffprrnrrn hnlwf'rn a ilrill-|jn*.s.s spinilli; ami lliu ipiill. 

6. Explain how a .spindio ia fad by hand. 

7. Explain llin purpoHO of the gear rack on the ijuill and the worm and worm 
whnfil in lliD power-feed drive. 

B. What L'hararterize.s a general-purpn.sr‘ iliilling iiiai-liine; a ])rorliii‘tion-1y])e 
drilling machine; anrl a single-purpoae drilling maihine? 

9, What ia Ihr advantage of a multiple-flii.sler-ty])e drilling inar-hinr- ox er the 
aingle-spindle machine eiiuipped witli a fixed-center multiple-drill head? 

10. Explain how a Vj-in.-diam. drill with a No. 1 Morse taper shank may be 
fittral to a spindle of a drill press having a No. 4 Morse taper hole. 

11. What i.s the diffr-rent e betw’een a sleeve and a socket ? 

12. What is meant by point thinning? 

13. What are the iiaiiie.s and angles of a Iw-o-fluli'd twist-ilrill point ? 

14. Explain the difference in construction anil usi* bidweeii a fliileil and rose 
chucking reamer. 

15. AVhat i.s the rlifference })(‘tween a coiinlroboring lool and an end mill? 

16. What are the piirpose.s of right- and lefl-hand helical and straight fluli's on 
fluliMl reariiniH? 

17. Whal is a drift, and how is it used? 

IB. What is meant by \i self-opi‘ning die head? 

19. W'hat is meant by thi^ leail or throat of a die, and what is it.s purpose? 

20. When high speed steel lords are used in culling iiialleal»le cast iron, what 
would be the general relation between the cutting spiaals in fi'et jier minute used 
for a drill, counterboring toid, reamer, ami lap? 

21. I'Aiilaiii and .show by formula how the total m l power at the point of a ilrill 
is delerminr'd. 

22. Explain the dilTenmce between the net i>ower rleveloped at the drill point 
and the gross power developed t)y tlie mid or. 

23. W’hat is meant by a lapping attachment? Explain how one shoulil work. 

24. In pn-pariiig the holes in a medium-hard cast-iron cylinder block of an aulo- 
nioldle engine in which studs are filteil, llirei- operations are rei|iiireil, i.e.. ilrilliiig. 
reaniiiig, and lapping. 1 he stud useil is a ‘Ic-in.-iliam. American Slandaril fine 
Ihiead. A ')'s-in.-diaiu. tap drill is fidlowed by a “\-(;^-m.-diaiii. rose chio'king 
reamer. Indicate ih'arly in each part below the sjieeds and feeils on which your 
compulations are baseil. 

(a) Determine the actual cutting lime for drilling a full diameter to a depth of 
l‘/i in. if high .speed steel twi.st drills are useil. 

(h) Deterniiiie the lime to ream the hole to a depth of 1 Vs in. 

Ir) Determine the lime for lapping, if a high speed steel la]) is used having five 
incomplete thread.s and proilucing full-depth threads in the hole to a depth of 
Tii in. 

25. A plate of low-rarbon steel is 2 in. thick. Determine the cutting speed in 
feel per niinute and revolutions iier miiiule. and the feed in inches per revolution 
for the following high speed steel look each 1 in. ilium. 

(n) A two-fluled Iwdsl drill originating the hole. 

(b) A Ihree-iluled core drill enlarging the hole from "s to 1 in. diam. 

(c) A rose chucking reamer removing 0.020 in. on the diameter. 

([/) A fluted clunking reamer rmioving 0.006 in. on the diameter. 

(c) .ill American Slandaril cnar.se .series tap. 

(/) A Iwo-fiuled twist drill of earbon tool steel. 
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26. Using infnrmatiim givrn in Table 5 ami on page 335, determine tlie follow- 

(rr) Tilt' Uiriiut? horsepower at the drill point for a l-in.-diaiii. drill operating at 
228 rpni W'ith a feed of 0.013 in. when ml ling SAE 6150 steel with the drills 
deseribr'il, using an emulsion of 1 part soluble oil lo 16 parts water. 

(h) Tiie horsepower of the thrust at the drill i)nint, using furniula values. 

(r) The total power ileveloped at the drill iiuinl. 

{(1) If the effieieney of the motor and inarhine under the above load is 65 per 
rent, what powi'r in horsepower anil kilowatts is ileveloped by the motor? 

27. Make ealriilatioiis similar lo the problem above when fill ling east iron with 
a l-in.-diam. drill, as indiLateil in Table 5. 
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CHAPTER XI 


TURRET LATHES, SCREW MACHINES, AND 
HAND-CONTROLLED PRODUCTION 
TURNING MACHINES 

DEFINITION 

Tiirri't hithi'.s and scri-w nmcdiinos are thnsc lathes whirh are pro¬ 
vided with a turret to carry the cutting tools in place of a tailstock 
for iiiachining either l)ar stock or chucked work. These machines are 
huilt in a wiile variety of patterns as well as a wide range of sizes, 
"riiey are used for work done in small lots or moderate quantities in 
which the engine lathe with its various appliances is too slow or relies 
ton much on the human element, and where* the full automatic turning 
macliines either are tnn expensive nr retiuirc too imich time tn tool up 
for the limited production. 

Some liand-cfmtrolled ]iroduction machines have only slides instead 
t)f a turret to carry the tonls. They may be used foi* Oiaciiining 
chucked work or short bars hehl on centers. 

CLASSIFICATION 

Hand-cnntrtdled turning and facing machines for small-lot produc¬ 
tion are classified into two main divisions— those having turrets with 
or without cross slides and those having only toolslides. Those having 
turrets are siibilivided into turret lathes ami screw machines. Tur¬ 
ret lathes are usually provided with a 2-. 3-. or 4-jaw chuck and are 
used to machine work held in the chuck. The spindle of the screw 
machine, on the other hand, is equipped with a collet to hold bar stock 
from wdiich parts are machined. There are other types of hand- 
operated small-lot production machines made for .specific purposes, 
such as crankshaft lathes, pulley turning lathes, and carwheel lathes. 

TOOLSLIDE LATHES 

The tonlslide type for small-quantity production is represented by 
the Lo-swing lathe, Fig. 1. It is for machining bars nr shafts held 
on centers. It is similar to the engine lathe, except that one nr more 
tool carriages or slides are provided, and each slide is capable of 
carrying a number of cutting tools. Shafts or parts having a number 
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of riiffercnt diameters may be turned wilh one pass of the Jongitiidinal 
toolslide, or a number of different siiouJders or faces may be maeliined 
witli one pass of the transverse (ouJslidc. Provision is made so one 
toolslide may be used for facing ruts after the others have finished 



Fir.. 1. Till' Lf)-swiii|r Tunlsliiie Lathi- fur Small- or MinJiuin-Loi Protlurtiim. 

'riiis is ji sinKh'-pullrv drivt- rnunliinp !irr!inin*il with twii cjirriau'W- Miiish RiirriaKi* supports trtolN 
Miiiiiiiti’il in front, of tlir work. Tin* tool riirriairos iniy 1 m* fi‘(l lunKitiiiliimlly by liaiirl or powor, or oarli 
t(iolholrli>r iiuiy bu* firj t.riiii.svi*rsRly. When ri*f|uirpil, titols iua> bi* usi'il in u n^itr ■■.urriiii'i* iiioniitfil 
on tliL! bank of the inuehine for stjuarinK shiiiililerN, ner.kiiiK, or iiuikini' foniioil cuts. One or more 
rolli*r-biii-k re.sLs are proviileil to prevent the springing of the work. Th ‘.s ■ iiiiirhiiies an* built in t-iii. 
anil S-iii. swing capanitias. 


turning, as shown at the right end of the spinille in the seenmi opera¬ 
tion in Fig. 2. 


TURRET LATHES 

The turret lathe is a modified form of the engine lathe. The tail- 
stock is replaced by a turret having 4, 5, 6, or B sides, Fig. 3, which is 
capable of carrying one or more tools on each fare so that a tool or a 
set of tools is brought into play for each side or position tif the turret. 
The several sides make it possible to follow one set of tools by another 
so that a hole may be successively drilled, bored, and reamed, and 
other surfaces may be rough and finish turnefl, or turned, chamfered, 
and threaded, i.e., one machining oiieralion may be followed by an¬ 
other or several, all at one chucking. The bed of the sliding rain is 
clamped onto the ways of the lathe bed in a fixed desired position. 
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Tin- fonipounrl rest of an engine lathe may be replaced by the 4-vvay 
tool-post turret, Fig. 4. A rear tool j) 0 St also is provided for an 



t'ln. 2. The FiiHt-- anil Siu5iiiiil-0|jnraLion Setui)s on the Lo-swiiig Lathe Show the 
Tiiolinij; I'ur Fininhing Forgeil-Steel Milling-Maeliine SpinilleK, from the Forged to 
Ciriniiiiig Sizes, with Tools Shown in Position at End of Cut. 



Caurtpsu The South Bend Lnthe Worka. 


Fin. 3. The South Herid Lathe Eiiuipped for Manufaeturing Work. 

Tht* Htnnilanl sirp-cnni^ Inirk-Ki^nred sprew-niitinK pnKinc lalliu, ulnnuly pruviiipii with an 

nil and rliip pan, PuttinK-Hoid piiiii|i, rnsorvuir, and pipinc, haa tin* lailslni'k ri'plarivl by a tiinistila 
IilhI tiirrpt whii'li chaiiR»i tiu' tiHilruinii liitlii* iiilii a hand-pruiliirlinn iiiar.'luiic fur small duplicate parta. 
Thi> turnd head i» Hniniaiituinatir and will revulvr nni'-sixtii of a turn willi iMirh hand revolution of the 
turnatili* on the n'tiirn atruke of the ram. It i.<!i fml by juiwer un tlu’ nittiiiK stroke from the pulley 
nioiiiiled on the riEht ond of tin* lea<l screw. Kanh fare of the turret ran Vie fed forward to any poeitiun 
aa dotDrininod by the adjuMtablc stop acrew's aliuw^n on the riKht-hand end of the rain. 


inverted tnnl. Tlie 4-wiiy tool post permits four different tools to be 
used successively on the cross slide for various purposes. The above 
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and similar attachments are used to convert the engine lathe into a 
Inw-prnduction machine. 

When continuous small-lot production jobs are anticipated, ma¬ 
chines especially constructed with desirable built-in features arc used. 
Machines of this type are the turret lathe for machining Chucked 



I'"in. 1. The (jiisliolt Nf). 4 I'liiversal RMiii-Typi* Tiirrc‘1 Liillii* Set Up with 
(Miuckiiijr T[)[)1 k for Mufliiiiing a Collcl Hornl from a Slrcl ForKinK Uchl in the 

Uhurk. 


TliPHP arp typical tonls for a .sRiruproiluctirjn nliiirkiiiK job. '1'Iip 12-in. .‘t-jaw chunk i.s n]icratcil by an 
liir l■ylintlp^. anil the niarhiiiP i.s prnviilPil with :i .«<inn;rl .Hfipninr mi the lipail. TIir trinh .shown in Ihe 
isi hip am illiistratn.rl in Lhi: rtilluwine clrawiriK. 


work, and the screw machine for machining ])arts from bar stock. 
Tlic universal turret lathe is so eonstructed that it may lie set up in 
a sliort time for any chucking work, or riuickly adapted for bar work. 
A classification of eonslruction features of turret latlies follows; 

(rr) Ilnrizonlal. FiR. 4, or vcrlirsil, Fig. 7. 

(h) With sliitioniiry lipiirt, Fig. 6, or iTOH.s-sliiling hnu-d. 

(f) Wilh gi'.'ircil hn:i(l. Fig. 6. 

(fY) With cro.ss slide. Fig. 6. 

(f) With power feed to the tuiret or without. 

(/) With iTOss-sliiling turret or without. 

(r/) With nim tuiret, Fig. 4, or siiddle type, Fig. 6. 

The Gisholt turret lathe. Fig. 4, is provided with a speed selector. 
The speeds are selected for tlie proper sfM|uence of eaeh job by adjust¬ 
ing tiie number of pointers attached to the handwheel. The cutting 
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speed in feet per minute is set on the dial, and the pointers are set 
to the diameters of the work. The gears are shifted hydraulically at 
the proper time to insure the correct cutting speed For each diameter. 
The feed, stop, and reverse lever directs hydraulic pressure for engag¬ 
ing and disengaging the driving clutches and for applying the spindle 
brake. 



Fig. 5. A Line Diugrain of thi; Tooiitin; for the Sei'onil Operation on a Collet Hood. 

Thp bHi'k uf the eteel fiirp^inK uf SAliI 3140, lirinell 231, hoH been maehiiiuil. 


The fools and work shown in the setiiji of Fig. 4 are sketched in 
Fig. 5, from which the various ojierations on Ihe part and the tools 
recpiired to iiei Form Ihem eaii be iilentified. The making of such a 
sketch is the common iiroeedure in setting up such a job. 

A heavy-duty universal turret lathe is represented by the \\'arner 
and Swasey No. 2A sadille-type miiehine uf Fig. 6. This maelune 
carries a 3-jaw universal ehuek with a variety of toolholdi'is mounted 
on the turret. The multiple heads attaeheil to the turret face carry 
bushings, which engage the iiilot bar mounted on the heiidstock to 
jirovidc rigidity to the turret and reduce the deflection uf the various 
tools. Fong boring bars mounted on the turret may extend through 
the chuck and engage a bushing fixed in the forward end of the 
spindle for the same piiriuise. This universal machine may be 
adapted for chucking work, as shown, or for bar-stuck work. Its 
chucking capacity is 2114 in. diam. over the bedway eovers. It will 
take bar stock up to 3V-! in. in diain. It has the American Standard 
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flaiigOLl iij)iiHlle nu6<c type A, 11 in. size. A 10- ur 15-hp motor is 
provided, ilependiiig upon the type of work. It is mounted on the 
rear of the headstoek and drives to the headstock with multiple V 
belts. Twelve spindle speeds from 17 to 4(50 rpni are available. 
These may be preset with a Preselector mounted on the headstock. 



Court^ny Warner and Co, 


l it;, (i. Thi* WiinitT anil Swasry No. 2A ITiiivi'isal Hollow Hexagonal SailJli‘-Tv|ie 
Turi'pt ijallu* ArraiiKi'd for (*hiii'kiiiK Work, 

’I'liis iiiarliini* i.^ tlu* latL'St inuild. .\ |ilain iiiultiplp turning hp.ad ami adju.stiiblc HiiiKlt- liirninK lit^ail, 
1 willi t\v[j HaiiKcil IrjiilhrilrlprN, are iiiiiiiiitPil iiii llir turrr'i. Tin* tuul liniiil Liarriiw 

l>ii.shiiiKs III i‘iiKiiKP till- iivfTitnii littar.liL'il tu thr ImndHtuck tu iirovirlr rigidity. A h|irim 1 NalHcUir in 
iiiiiuiitiMl ijii till* linailistock. 


I'lie chart shows the recommended speed for each rut, so that the 
projuT sjiindle rinii is automatically seliM-ted tiy the single lever for 
each diameter and rutting speed ricsired. A hydraulic brake is pro¬ 
vided in the headstock for stopping the spindle quickly. The head- 
stock is lubricated by a forced spray of filtered nil circulated by a 
separate pump from an independent cooling reservoir. Multiple disk 
clutches, hardened alloy steel gears with ground teeth, hardened and 
ground spline shafts, and antifriction bearings are used throughout. 
Sixteen longitudinal feeds from 0.004 to 0.149 in. arc provided to the 
turret and carriage. The same number of power feeds of half values 
are available for the cross slide. 

A vertical turret lathe is shown in Fig. 7. This machine has one 
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side* lic'iitl 1%'irryinK ftiur-way autcniuitically indexing turret tuul post 
and one four-faced turret mounted on a vertical ram carried on the 
cross rail. It is made in sizes having table diameters of 30-, 36-, 42-, 
and 54-in. capacities. The machine is known as the Alan-Au-Trol 
inasmuch as the machine can be set up for a complete semiautomatie 
cycle, but by moving one lever it is available* for manually operated 
work on any other desired cycle. Each machine has 16 feeds and 



Fin. 7. The Hiilhiril Miiii-Au-Tnil Vrrlii-iil Turret Liillie willi One Fimr-Fareii 
Turret pii ii Vertical Ram ami One Siileheacl ("urryiug a Four-Way Turret Tool Post. 

20 speeds. A 15-hj) inolor i.s used on smaller macliines, and a 50-hp 
motor on larger ones. This marliiiie is particularly adapted to the 
manufacture of large, complicatecl work in which the production is 
large or small, as may be requireil in exjierimental or in production 
work. There are accurately graduated dials for determining the limi¬ 
tations of tool travel in all direetions. Vcriieal and horizontal mo¬ 
tions of the main and side heads have 39 stoj)s to control distance and 
direction. Each machine may be purchased in a high, intermediate. 
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or low speed range, depending upon the type of work anticipated. 
Centralized control is available for botli the turret slide and cross 
slide with all levers and operating handles within convenient reach 
t)f the operator from one position. Both driving and feed gears are 



A, ram clainpinK handle; 7J, Haddln elampiiie handle; C, Prank for vertical mnvRinnnt nf turret 
pliilf; n. crank fur hiiriziiiital iiiuveiiiciil uf tiirrcl earriuKc; E, dirnctiniial cuiitrul haiidli' fur vertical 
iiiij\ uiiirnt uf riKlil-liand rniii; F. directiiinal l untnil handle fur hurizuntal muvciiicnl iif riKlil-liaiid 
lii-arl; G, turret sliilc; //. luft^hand swivel head; I. fped-cliiiniie levers; ./, sidehearl vertical diri^ctimial 
liaiiillc; K, liandli! fur rapid traverse nr feed fur richt-harirl head; L, directiuiial nuiitrtd hantlle 
fur liurizrintal .slide; M, hnrizuntal slide; A’, sididiead rapid-traverse nr feed handle; 0, table speed- 
chanKc handles; F, Hturt-.sUjp treadle. 

Fin. B. A King Vertifal Horiiig Mill. 

The machine ie driven by a 20- ur 2ri-hp, UDO-rpm, cnn.Htaiit-spi-pd inntur. It is built thr[iu|rhi)iit 
til stand a dO-hp iiiuiur if recpiired. One vertical ram uii the rail carriers a .‘i-faee turret; a secund 
swiveling vertical rain iin the rail carries turniiiK or facinn tnuls; and a third ram inuiintiMl uii the 
cuiiiinii at the .side carries a 4-wa.v tuid-pust turret. A 3-hp, IJuO-rpm iiuitur mounted uii tin: hridRU 
is used for the elevating and rapid-traverse mechanism.. 


lubricated continuously and automatically with filtered oil. Multiple 
cuts may be taken with two or more tools in any face of the turret, 
or combined cuts may be made with tools of both turrets working 
simultaneously to reduce machining time. 

Vertical boring and turning mills, Fig. 8, may be furnished with 
one nr two plain swiveling heads on the crossrail and with or without 
the siclehead. The table consists of a large faceplate with radial T 
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Hints, provided with four independently operated reversible jaws. 
Machines of this tyi)e are made to take work up to 40 ft diam. 

The King 72-in.-diam. table machine has 16 speed changes ranging 
in gtMJinetrical progression from 1.7 to 55.4 rpm f)f the table. A speed 
of 150 rpm can be arranged for liigh-speed cutting as with sintered- 



Fifi. 9. A 100-iii. Vrrtirul HnriiiK Mill, Ji^iiuippinl with Two Rams and a Side 
llfail, Sft I'p for TuniiiiK a LarRc Casl-Iroii Drum with Three Carliiile-Tipped Tools. 

carbide tnols, in which case a variable-speed direct-current motor is 
used. Twelve feed changes are j)iuvided for feeding any tool at the 
rate of 0.0104-0.500 ipr of the table. Antifriction bearings, selected 
best to serve each purpose, are used. Gears up to 12 in. diam. are 
of heat-treated alloy steel; larger gears are of special alloy forgings 
or steel castings. Spiral bevel gears drive the table, and helical spur 
gears are used where advantageous. The complete table drive and 
spindle arc automatically lubricated with oil pumped from a rpser\mir 
through a filter and then distributed to the working parts. 

The latest machines are driven directly by 25-50-hp motors, so that 
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une or more sintered-carbide tools may be used at the proper cutting 
speeds. They are provided with pendant electrical control switches, 
so as to operate the rapid traverse (one for each head), a 5-hp elevat¬ 
ing motor, and the 25-40-hp constant-speed main drive motor from a 
central position. Fig. 9. 


SCREW MACHINES 

Screw machines are quite similar in construction to the turret lathes, 
except that the head is designed particularly to hold anil feed long 
bars so that parts, such as bolts, nuts, and screws, can be made from 
bar stock instead of from castings, forgings, etc. The ojieratinns per¬ 
formed by the tools of screw machine are similar to those of the turret 
lathe. 

Some screw machines, Fig. 10, are used only for bar stock; others 
may be set uji for bar-stock or chucking work. The U'arner end 
Swasey universal turret lathe is set iiji for chucking work in Fig. 6, 
and for bar stock in Fig. 16. 

A classification of the construction features of the screw machine 
follows: 

1. Uuilt only in horizontal lypiw (one Swiss vorLirsil luiuhiiin). 

2. Drivo 11013 ’ bn tlirouKh strp-i'onr pulliy only for small fast work. 10; 
sli-|)-ronE pulley anil back Koars; gcanal licail. Fig. 16; or with miilliplc-spiMMl 
inoLor iiiouiUlhI dirocLly on the spinrllp. Fig. 15. 

3. Cross sliilc! may bu hand fed by raik anil lover, Fig. 10; by scri'w. Fig. 12; 
or by power fnod throiigli lead screw, Fig. 16. 

4. Cross slide may have no longiLiidinal feed, being i'lam]jLMi in ]dai-n to the 
bi'd, Fig. 10; hand loiigiliidinal foL*il; or power longitmlinal fend. Fig. 16. 

5. Turrut ma.v he of Ihr* ram t.vpe. Fig. 10. or of llin saddle type. Fig. 16. 

6. Turret may bn fed b.v hand only, Fig. 10, or by power, Fig. 16. 

Typical Screw Machines 

The screw machine with plain head, Fig. 10, represents a simple 
and inexpensive type. Fur any given setup, tlie bearing uf tlie eruss 
slide, which usually carries a forming tnol in the front tool post and 
a cutoff tool liehl inverted in the rear tool post, is located longitudi¬ 
nally in the correct jiositioii on the ways by the iiand adjustment 
wheel provided with a micrometer dial for aecurate location. The 
bearing is then clamped to the w^ays by the cross-slide bearing screw. 
The cross-slide tools are brought into engagement with the W’ork by 
the hand-feed lever. This motion is transmitted from the gear to a 
rack underneath the cross slide. Machines of larger size may have 
the gear and rack feed, or be provided with a hand-feed wheel operat¬ 
ing a feed screw. 
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For a given setup, tools are placed in the various faces of the turret 
after which the turret-slide bearing is located and clamped to the bed. 
The turret slide is hand operated by the single lever. In this case the 
tool can be brought rapidly to the work and then fed into it by hand. 
As the turret slide is withdrawn and reaches the right end of its stroke, 



A, rain Ntii|i rorls; li, rnunil hirri't; C, turret hIuIi; or rain; D, turret-slid^ liuarinc; E, rdiip and 
ciitliiiK-Hiiid luiii; F, liiiiiil liiiiKiliiiliiiiil iiiljiistinniil. tn nitulT slirli* with iiiinniinrtur dial; G, nruss- 
sliiiu lii;aniiK hiiuliiiK situw; If, siKhl-finiil uiliTs; /, lianil-ftM‘il Ii'vit In itiism slirlis J, turret binding 
BRrew luvur; K, bur fiMni uiiii rullpt luver; L, Iuvit for huiiil fniMi bo rum. 

Fia. 10. The FiisliM- No. 1 lliLiiit Sprpw Machine with rijiiii Step-C-one-Pullpy lli'iiil. 

This viuw shows tin* h'vor futsd tu tho tum^t sliilu. Round bur stnnk ii|.i to in. diain. and .5 in. 
lung may Imi inuidiininl. 


the turret is indexed one-sixth of a revolution, bringing the tools in 
the next face of the turret into ojierating position. The tools in each 
face of the turret may be fed by hand to the left against the work to 
any desired fixed poi^ition as determined by I he setting of the ram stop 
rods. There is one rod or adjusting screw for each face of the turret. 
These rods are indexed about a center axis as the turret is indexed, so 
that rod 1 always determines the limiting feed motion of the tools in 
turret face 1. 

This machine may be furnished with back gears so that a wider 
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range of speeds is available, and a friction head so that the spindle 
may be stopped without stopping the step-cone pulley. Power feed 
to the cross slide and turret may be obtained if desired. 

A standard set of tools for general work, usually furnished with 
each machine, consists of one plain stop gage, one chamfering tool, 
one roughing box tool, one finishing box tool, one releasing die holder, 
or one self-opening die head with four sets of chasers, one adjustable 


G 



bnr 1?, bar-fpRtl ciillar; (7, ctiliRt n.ltwinu finKprx; O, Vinr-fRRil liiikiiKi;; £7, bur-fijuj Ifver 

Kliiirt; F. wl'iIrp; G, HtPii-iuiiu; pullRy; H, iiuiHtrr niilli't; I, wiulisi' liiikKiri*; J, viTticiil 8L‘i‘.liijn iik It\ 
K, vcrtiniil .spctiDii at «S’; L, incrpuNPil napucity cullpta of the pUHli-in unij iiruwbiti:k type; M, liraw- 
Imck typi: cuIIrL and wKdgc; .V, npiiidlB nose. 

lot;. 11. The Autnmatir; Chuck, Bar Feeil, and OinTatin^ Ali^chiinism Used on the 
Foster Friction-Head, Ciiared-Ilijad, and Plain-Head Screw Maehini:s. 

This shows the action on the spring-ciilUt and bar-fui;d iiicchuiiiMiiis os drvidupitd by the bar-feed 
linkage. 


drill holder, one cutoff toolholdcr and blade, anti one each of several 
round adjustable dies, together with one eollet for round work and one 
feeding finger. 

A vertieal sectional view of the plain head of the larger Foster screw 
inaehine is given in Fig. 11. It has a single-h^ver type of chucking 
and feeding mechaiiisni. The bar stock, usually purchased in lengths 
of 12-16 ft, is gripped by the cidlet //, passes through the spindle and 
through the supports at the left. The bar-feed collar B is attached 
by a setscrew to, and rotates with, the bar inside the flanged support. 

When the bar stock is to be led forward, the bar-feed and collet 
lever, the shaft of which is shown in section, is pulled to the right. 
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Thr wedge linkage cau.ses the remieal wedge F to slide to the right on 
the spindle, allowing the right end of the fingers C to close. This al¬ 
lows the sleeve or eollet push tube within the spindle to inove to the left, 
thereby relieving the jnessure whieh Forces the spring eollet II into 
the conical spindle nose N. This, in turn, relieves the grip of the 



Courleay Brown and Sharpe Manufacturing Co. 


A, HPrpw fouri fiir cfiihh hIiiIb; B, sbiiIp fur Tumi liuiKili; C, rhurk mill wiri'-Ini*il luvur; D, rack feed 
pr rniHM hI'iiIl*; E, lurri't-sliili! Rluiiip; F. MPali* fur Kauinu iniiviniiuntH; G, tiirrpt-Mliile-bed cliLinpa. 

12. Till* No. 2 \Viri‘-l'Vi‘il Si*n*w MiirhiiiR AritiiiKi'd fur Mulliple-SpcRil 
Miilm- Drive. 

Two uiiG uppii iinil mu' nru-HHed, drivi* rriiiii the miitiir pulley In the twn inillpys on the spindlo 

dliiiwii in Kik. 14. The KiliKh’ U*vi*r uii tli«> iieiul nuilriils tlie rliiMdi lietweon iIiphf-i two puUeyH fur 
enitaKiiiK forward ur revcrmi Hpindle Hpei'd or fur .xtuppiiiK. Marliiiii- is uiiuiiiped with iMittinK-fluid 
r.ireulatiiiK Nyoioiii. Har stiifk up tii in. diani. iiiiiy he iiini’hiiird tii a lenetli uf .'i in. Spindle 8|ipeda 
Ilf ftOO. ttOO, 1,21)0. and l.ttOU rpiu an* iibtaiiied. Five rates of jinwer feed tu the turret slide may be 
iibtained. 


spring collet on the bar slock. At this instant, the bar-feed linkage 
moves the ratchet and feetl collar B to the right, jmshing the bar stock 
through the spindle. The Feed lever is now lorci‘d ti) the left. This 
forces the wedge to the left which, in turn, forces the sleeve within the 
spindle and tlie eollet to tlie right. This drives the collet into conical 
spindle nose, thereby gripping the bar stock. The ratchet is returned 
to the left to get a new grip on the bar-feed collar as the feed lever 
reaches the end of its stroke. 

When the ratchet has brought the feed collar B to the end of its 
travel to the right, it is returned by hand to the left-hand position by 
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raising the small ratchet pawl. At the same time, the bar-feed collar 
is released and moved to the left on the bar stock where it is again 
attached. The linkage, Fig. 11, may be used with either push-out or 
drawback collets shown in the lower part of the figure. 

The wire-feed screw machine as made for motor drive only, Fig. 12, 
has many semiautomatic features which make it possible to produce 
duplicate parts from wiie or bars at extremely low cost. 

The turret is of the ram type and operated by hand. The cross sliile, 
which carries the forming and cutting-off tools, is clamj)cd lo the bed 
in the desired position and is fed transversely by hand with the rack 
and lever or by the feed screw. A screw stop is provided on the cross 
slide so that diameters may be duplicated. 



Hfith uri* f(ir 7.f n-in.-iliain. stunk fur use in thn Nn. 2 wiri'-fnnii snrpw iniicliirm. Thpy am Hhuwn 
ii.sst;iiihleil in th['ir upcruliiiis prisitiuii in ilir iirnviuiis illusLratiim. Thesi: ijulli'ts. fur ililTiirf.nt capar.ity 
inunhiniis, are iiiudi.' in variuiis si7.i‘s for nuinil, siiuarc, or hnxujuciinal stunk. Cullut anil reuilinis HiiKur 
blanks also may be aecure«l for spcniivl wurk. 


In a bclt-ririven machine of this type, the spiniUe is driven directly 
hy the cone pulley. A 3-spced countershaft is i)rovided wliich gives a 
fast cutting speed, a slow thread-cutting sjieeil. and a fast reverse speed 
fur backing off solid dies or taps. When collapsible dies or taps are 
used, this reversing is not necessary. The six forward sjieeds arc from 
100 to 1,000 rpm directly in geometric progression and 398 to 1,000 
rpin reverse. 

Spring collets or chucks and feeiling fingers for any size of bar stock 
within the cajiacity of the spindle arc interchangeable in the spiiuile. 
A typical friction feeding finger and spring collet are illustrated in 
Fig. 13. It is often desirable to have master sjiring collets at L, Fig. 
11, in which pads or jaws may be replaccil when worn nr when different 
sizes of the bar stuck are used. The spring chuck nr collet, Fig. 14, 
grips and drives the bar stock. The feeding finger feeds it forwarri 
during the feeding cycle as follows: the collet is ui)ened, the stork 
ailvai.eed to the right by the feeiling finger to the correct length as 





Kirj. 14. A 8(M;tiona1 Drawing through thn Spindle* of thr No. 2 Brown and Sharpe 
Wire-Foed Motor-Driven Serew Marhino. 

Till! bar ntiii’.k i^xtuniliiiK rniin ti ruck ut the left pus^^cs throUKh tin; Npindlc, feedinK fingpr, and spring 
cullut. 

A hand-operated screw machine having the rotor of the mul- 

tiplo-speed motor moimtuii directly on the spintlle is shown in Fig. 15. 

The stator is located in the headstoek of the bed casting. Fans, 
which arc attached to the rotor, draw the cooling air from under¬ 
neath the lieailstock, circulate it through the windings of the motor and 
througli the bearing housings, and expel it through tlie louvers at the 
front and rear of the heailstock. The smaller lever on the lieadstock 
provides 4 spindle speeds of BOO, 1,200, 1,800, and 3,600 rpm, respec¬ 
tively. The larger lever provides the forward spindle speed at the 
left and reverse siiindle speed at the right, and operates the brake 
lever when jiiished forward in the central i)iisition. The high spindle 
speeds permit the use of carbide and diamond tools for machining 
iionfeiTous materials, such as bronze, hard rubber, and Bakclite. 

A universal turret lathe set up for bar work is shown in Fig. 16, and 
a similar lathe for chucking work in Fig. 4. 

The single-lever speed selector on the head gives 12 si)eeds from 30 
to 1,500 rpm. Tlie feed-selector levers at the lower right of the car¬ 
riage and turret give 9 feeds from 0.005 to 0.100 in. longitudinally for 
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Mir* ram anti carriiiKe and 9 traiissversr* fut’ds fnr tin* vvdsh aliili* of half 
this amount. A 10- or IS-hj) motor ii? moiintiMl in tlu* hearlstopk Irp; 
pahinet and drives by a multiple V belt. A 4-way turret tool ])ost is 
on the front ctoss slide, and 3 dovetailed tool bloeks, eaeh carrying 
an inverted tool, are mounted on the rear. Meehaniral stops are ]iro- 
vided for eacli longitudinal feed of the turr[*t ram and for the longi¬ 
tudinal and transverse feed of the pro.ss-slide earriage. 

WORK-HOLDING DEVICES 
Chucks for Turret Lathes 

In turret-lathe work, the parts are held in a chuck of the universal. 
Fig. 4, independent, Fig. 7, or combination tyiie, Fig. 111-29. 
Clnicks may have 2, 3, or 4 jaws which are opened and closed by hand 
with a T-liandled siiuare-key or socket wrentdi. The 2-jaw univi‘i'sal 
chuck is usefl more oftr‘n on semiautomatic turning machines, Fig. 
XI1-4, with the jaws I'ormed to fit the work. 

The wrenchless chuck, Fig. 17, is commonly usi‘d on turret lathes 
as well as on semiautomatics to reduce time and elTort in chucking and 
releasing the work. Hydraulically, pn(‘umatically. Fig. 18. or electri¬ 
cally operated chucks are more often used on seiuiautomatic turning 
machines anil occasionally on hand-operateil turret lathes. 

A pneumatically operated 2-jaw chuck and air cylinder are illus¬ 
trated in Fig. 18. The inner faces of the cylinder and chuck are 
attacherl to the ends of the si)indle by ada])ter plates. The chuck 
plate is fitted concentrically into the recess D. 

The rod V of the chuck is connected by a shaft extending through 
the machine si)inrlle to the juston rod J. 

Chucking and Bar-Feeding Mechanisms for Screw Machines 

The bar stock, from which parts are machined in a screw machine, 
extends through the hollow spindle of the machine, Figs. 11 and 13. 

Figure 19 shows (he collet chuck which may be used on engine or 
turret lathes for the production of jiarts in small quantities from bar 
stock. This permits the machining of larger bar stock than with the 
usual draw-in bar and collet attacliment. The body of the chuck is 
recessed and bolted into the face of the adaiiter plate which, in turn, 
may be screwed onto the threaded end, or bolted to the face of the 
spindle. The chuck operation consists in drawing the collet, which 
encircles the bar work, back into the tapered ojiening of the chuck by 
drawing the threaded end of the collet into the threaded hole of the 
large disk in the rear of the chuck, rotated by means of a pinion 
hand-driven by the square-ended key. 




Fkj. 18. The ('oinlMiialiiMi 2-.Jaw, (.hurk willi Slurl Hoily, Shown in 

SiM'tirin Hi thr Ri|;h1, Amiiigcii for Air-Pnwor OpeiuLioii liy Ihi* RotHtiiiK-Typi:, 
Siilf-Adju.sliiig, DuublivAi:tiiig Shown in Stn-tion at tho 
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In Fig. 11, tliu spring collet is used in connection with the bar-feed 
collar. In Fig. 13, the friction feeding finger is employed to force 
till' htir .<tock forward during the instant that the grip of the spring 
collet is ri'leasefl. Tlii.s method is used in most automatic screw ma¬ 
chines. The spring collet and finger, as shown in Fig. 14, are desig¬ 
nated for any given machine by the size and shaiie ol the bar stock 
used. The collets may be made for round, square, hexagonal, or any 



iqu. 10. The (\is1iiu;iii No. 15 Nosi‘-Tvpi‘ Clun k roi' (Collets. 

liitiTi;hiiiiKnilili‘ (‘iilli'lH for bar Htork raiiKiiie from 'n to in. iliaio. may br ik^kiI. 

olhiT ciiinmonly used shaiu’ of liar, ’^riie collets are tapered in accord¬ 
ance with their use. surh as the push-out type illustrateil in the spindle 
section of Fig. 11, the ilrawhack type shown as increased-capacity 
collets in Fig. 11, ami the stationary type used in the spindle of Fig. 13. 
Spring collets and feeding fingers are made of hardened .steel. The 
collets are split into sections ainl .«^pnmg apart before hardening so 
that the spring action lends to keep the opening slightly larger than 
the har-stoek size. The sections of the feeiling linger are bent inward 
before being hardened so as to grip the liar sloek. Some large-size 
bar lathes, such as the Hrown and Sharpe Nos. 4 and 6, use a roll-feed 
mechanism insteail of the feeding finger. 

PRINCIPLES INVOLVED IN TURRET-LATHE AND 
SCREW-MACHINE OPERATIONS 

In the .<mall-lot proiluction fichl whc*rc from 5 to 50 or even more, 
pieces arc made at one time, it is desiraVile that the least variety of 
tools be permitted to serve the greatest variety of work, both in chuck- 
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iiig and bar-stock jobs. Four fuiulaiiiciital priiifiplcs lor increasing 
])roduction on these iiiacliines are: 

If/) Siu:r['ssi\t' flits nn Jiny siiifiire. 

ib) Thn ust' of i-ombinpcl fills. 

(f) Tlif‘ use of iriiilti])]e ruts. 

ifl) Rip:iili1.v of tnolini'. 

By takiiiK successive cuts on :i siirfatT of llio work, it is possible 
In louffh, seiiiilinish, nml finisli tliat siirfuri* li' lUTiirale ilinieiisions anil 
true shape at one eliiickin^. A surface may be rou*!;!! tiirneil by a tool 
on tlio first face of the turret, and finish faced by a tool on the secoinl 
face of the turret, or a hole may be originated by a twist drill, slightly 
enlarged and trued iiji liy a rough-boring oiieration, ami finished to size 
and shape by a finish-ljoring or reaming ojieration. If (he hole alriaidy 
1 ‘xists, it may lie core rlrilled or rough bored, then semifinish boretl or 
rose reainiMi, and finally finish bored or riaimed. Also, a surface, 
wiudlier internal or external, may be rough turniMl, finish turnefi, and 
tlireaderl. Such eomhinations of successive cuts are almost infinite, 
and a detaih'd acr|uairitance with cutting tools is necessary in oriler 
that the most satisfactory results may be obtaineil. After the tools in 
a setuj) id' this nature ai'c firoperly adjustiMl, interchangeable jiarts can 
he turned out economically ami quickly with comparatively unskilled 
labor. 

By combined cuts is meant the taking of cuts simullaneously by 
lools mounted on the r-ross slide ami those mounted on the turrid. To 
ilhisirati-; the drill niounlefl on turret face 1 of Tig. 21 is drilling while 
the tools mountefl on the real’ cross slide are facing. 

By multiple cuts is meant the taking of cuts siniultam'ously with 
more than one tool from the same tool station, 'fo illuslrati‘: the 
multiple toolhohler on turret face 1, Fig. 21, holds a drill, hub-facing 
tool, and rough-turning tool so that turning ami drilling aii* being done 
at the same time. Multiple cuts also are being taken by the two 
facing tools on the rear cross slide. 

Rigidity is in.^ired by having wide, low saildles which support the 
turret by means of automatic or hand-operated ring binders for rdaiuj)- 
ing the turret to the slide during machining operations, Fig. (i, and liy 
means of overarm piloting bars which engage a bushing mountiMl on 
the hearlstock, Fig. fi. Gibs ami sliiles shouhl bi* snug. 

Example Illustrating Selection and Arrangement of Tools in Turret- 
Lathe Work 

An illustration of a tyjiical turret-lathe setup i.s given to indicate 
the sequence of machining nperation.s, a.s well as the advantages of 
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iniilti|)Ii! iinii Cdiiihineri rut»s. Tin* seleftinn nf speeiii;? and feeds for 
this job aisfi is dispiisserl. This setup is siiiiilar to many fniind on 
machines of the hand-u])eiated turret-Iatlu' (ypc or even tlie semiauto- 
rnatip turrct-latlie type, as discussed in the followiriiii; cliapter. 

Figure 20 shows at A' and Y a rt)ugh easting as sujiplied by the 
foundry from which the finished gear blank shown at Z is produced. 
The surfaces marked with heavy lines intlicatefl by A, /i, C, D, and E 
liave been inachin(‘rl. The enfJ of tin* hub nj)])osite 1) is finislied by 
facing in a subsetpient ujieratiun, although it could be back faced at 
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Kir.. 20. The tiniy-C'iisl-Irnn (iear Blank Machiiieil in the ri)lli)wing Illustrative 

Setup. 

V'ii'WN .V mill )' hIiiiw hiiIii mill NiM'liiin iif cniy-i'HNtr-iniii iriMir lilitnk iw fiiniishiMl liy tlic fuundry. 
Z Im till* liiiiNliril Ki'iir liliink. 'riii> liRsivy liiii;.s iiiilirati' On* Hurfiti'.i'H inui’liimMl. TnliTmii^CH un all 
iliniimNiuiis an* 1(1.11111! in., nxiu*|i( mi tin* Imrn, wliiirli Is in. 


this chucking by using a sliding toolholder. In other words, the cast¬ 
ing is to be turned, faced on two siiles of the rim, faced on the front 
face of the hub, and the cored hole reamed. The casting has been 
designed to be as light as possible and yet permit the removal of 
sufficient stock on each machined surface to clean up and jtresent an 
adequately finished surface. 

The operations are indicated in Fig. 21 in accordance with the posi¬ 
tion of the turret and cross slide. A list of tools is given with the 
speed of the work for that |)articular operation as well as the feed 
for the tools. The work is chucked by the operator in a universal 
3-jaw chuck by expanding the jaws to engage the inner edge of the 
rim. The machine is started, and the turret is brought forward rapidly 
by hand until the tools are about to start cutting when the ])ower 
feed is engaged. The cutting feed and sjieed are regulated for each 
face of the turret. As the turret advances, the following operations 
are performed: 
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First turret position, fai*e 1, is equipped with a multiple turning 
head and high speed steel tools. 

1. Drill the rnmil hole E, with I’/s-in.-iliam. S-fluied drill. 

2. Rough-turn outside disiineler B with a turning tool, depth of eiit O.ODO in. 

3. Sefond rough-turn B w'ith ti serrmil turning tool nnl siinwii, depth of cut 
ahoiit 0.025 in., leaving 0.010 in. for fintshing tool. If only one roughing tool is 
used, the deplh of eut will he 0.100 in., leaving 0.025-in. depth of rut ior finishing. 

4. Rough-fare hub D with a faring rut ter held in inultihead at base of drill. 



Eiu. 21. The Illustrative Setup for Marhiiiing the Cast-Iron Clear Ulaiik Shown in 
the Previous Figuri* on the Turrc^t Lathe. 


The second rough-turning tool not shown is not always' used. It is 
good practice, however, as a lighter cut may he taken with the first 
turning tool, and also, less care is necessary in adju.sting the first 
roughing tot)! whieh dulls quickly after it has been sharpened or 
replaced. 

For the above operations, the permissible .speed i.s governed by the 
turning tools rather than the drill or the hub-facing tiad. A 
high speed steel drill w’ould permit a speed of 270 rpm and a feed 
of 0.015 ipr of the work. The turning tool cutting on the 7% in. 
diani. at an assumed speed of 70 fjiin for high speed steel tools is 
crpiivalent to 34.5 rpm. Tlierefore, the work should rotate at 34.5 
rpm, whieh is slow but permi.ssible for tiie drill. 
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If Stellite turning and facing tools are used, a cutting speed of 100- 
125 fpju w'ouhl he satisfactory. If sintered-tungsten-carbidc tools are 
used, tlie cutting sjieerl might be approximately 300 fpm. These 
higher cutting speecls could be used on the periphery of the work with¬ 
out causing too high speeds for the high si)eed steel tools working in 
the bore. 

The feed fjf the 3-fliitefl drill sluuild be about 0.020 ipr of the work. 
The feed of the drill must he equal to that of the rough-turning tool. 
This may be up to 0.025 in. A.« the cutting speed of the drill is low, 
its feed is increased 1o (‘(pial that of the turning tool. 

While tlu‘ tr)ols held in the turret are cutting, the two facing tools 
suppf)rted on tlu‘ rear of the cros.s slides are fed forward so as to face 
the rim on the surfat'es A and (\ Each tool takes a depth of cut of 
0.053 in. 1'he spijed of the work for these tools will he the same as 
for the turning tools of the turret, whih' the fc‘ed may be adjusted so 
that tlie oi)eration is finished by the time the turret operation is fin¬ 
ished. This fe(‘fl will be aiijiroximately 0.025 i])r of the work, enough 
to finish the facing during the time required for turning. 

;\ stop is provided so that, when the tools of the turret have been 
fi'd forward to finish all (*uts, the jiower feed is disengaged. The turret 
is then withdrawn liy hand, indexed to the next position, and fed 
forward to bring the tiuds against the work whi‘n tlu‘ feeil is again 
engaged. The machining time for this turret ainl cross-slide position 
is ecpial to that of the longest single ojieration. 

Third turret position is also erpii|)|)ed with a inultiiile turning head. 
In this setiij) it is not necessary to use the second, fourth, and sixth 
positions of the turret. The tools of the tliird jiosition are now brought 
into line, and the cutting feed is engaged. The cutting operations are 
as follows: 

1. Pinisli-hini milsiili* iliMmntnr 7? to 7.500 in. di.nn. with fi turning Innl; 
ih'ldh of rill is 0.010 in. nr 0.025 in., a.'? stall'd uiiiipr 3 iihnvc. 

2. Bnrr llii' drillcii linlr E to witliin 0.004-0.008 in. of size with a high sju'i'd 
sli'i'l singli'-iioint tioring tool. 

3. At till' siinu' linir liial (hn loots of thn Ihiril lurnd position nrr* rutting, 
Ihi' fiiriiig loots support I'll on Ihi' front of Ihp rross sliilc arc fed forward to 
finisli-farp the surfiircs A and C, cai-h tool rciiioving al)out 0.010 in. 

The speed nf the work fnr this operatinn is limited by the turning 
and facing tunls, which have a cutting sjieed of 100 finii in view of 
the light finish cut taken on the 7.550 in. diam. giving 50.6 rpm. This 
cutting .'ipecd for the high speed steel tools on the iieriphery will give 
a cutting speed of 16.5 fpm for the boring tool, which is permissible. 
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The feed in the case of both the turret and cross slide is dependent 
on the finish. The feed could be increased because of the reduced 
depth of cut and still permit satisfactory endurance of the tools. A 
feed of 0.025 in. would be satisfactory for both the turret and cross¬ 
slide tools. Cast nonferruus or siiitercd-carbide tools will give corre¬ 
spondingly higher s])eeds. 

Fifth turret position is equipped with a fluted reamer of high speed 
steel. The gear blank has now been roughed and finislied on all sur¬ 
faces with the exception of the bored hole E. As is customary, the 
last operation is to ream the ht)Je to its finished size. As tlie speed of 
the reamer should be about lialf that of a IVi-in. drill and the feed 
ecpial to twice that of tlie drill, it is seen that the work should rfitate 
at a sjief'd of 120 rjuri and the turret shouhl liave a feed of 0.0d2 ipr 
of tli(‘ work. 

It is very often found in i)ractice that, for some unlooked-for reason, 
the tooling speerls or feeds have to be modified. In this setuii, for 
instance, it might be found that the combined and multiple facing and 
turning cuts for tin* first turret position retiuire loo much power, so 
that the speed or feed or both should be reiluced. It might even be 
necessary to perform one of these roughing cuts in turret i)osition 2, 
which would increase tin* machining time. Also, the speed might be 
increased for the third turret position; or, to gi*t a better finish, the 
feed might be reiluced. The feed of the reamer in the fifth turret [)osi- 
tion might be reduced to get greater accuracy. Again, if Stellite or 
sinlered-carbiile tools are used instead of high speed steel, the speed 
can be increased. 

In making a setup ftir a turret-lathe or screw-machine part, the 
sequence of macliining operations is first deciiled on. The tools are 
then selected and set up on the turret or on the cross slide to the best 
advantage, considering the tools and holders available. Standard tools 
should be used if possible, as special tools cost more and may not be 
usable on future work. 

TOOLS AND TOOLHOLDERS USED ON TURRET LATHES AND 
SCREW MACHINES AND TYPICAL SETUPS 

Each manufacturer of turret lathes and screw machines furnishes a 
wirlp variety of standard and special tools and holders for his machines 
of various types and sizes. Toolholders for turret lathes are, in gen¬ 
eral, quite different from those used on bar work. There are some, 
however, particularly in the universal type of turret lathe, which may 
be used interchangeably on bar or cliuckcd work. 
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Turret-Lathe Tools 

In operation's iiivulvinp rhucked work, such as castings or forgings, 
typical operations j)erforined arc drilling, boring, rounterboring, 
reaming, tapping, Uireatling, rough and finish turning, facing and 
chamfering. 

A wide variety of toolholders is necessary. Tiiese holders are de¬ 
signed so that standard tool bits, drills, reamers, dies, etc., may be 



22. At the TiCft, Adjustjibli* MultipUsTurning ITcail with Flange Mounting on 
Turrot, Showing the Aiijustiililc Turning ToolholiliT jiiiil u Singh^-Poinl Boiing Bar. 
At tho Right, a Sliding Tuulholder with Shank Mountijig in Turret for Reee^sing, 

ihic.k-Facing, etc. 


used. An angular adjustable single-cutter holder which holds a tool 
bit or cutter for accurate boring, turning, ebamfering, etc., is illustrated 
in Figs. 21 and 22. 

Recessing or slide tools with shank mnunling. Fig. 22 right, arc 
used for accurate boring, recessing, facing, or back-facing w’ork by 
tools on the turret. They may be provided with a large graduati'il 
dial on a cross-feed screw and adjustable positive sto])s. 

Multiple-turning heads may be bolted to a face of the turret so 
that single-cutter toolholders can be mounted in any of several holes 
at different di.stances from the center in it.s face, cither singly or sev¬ 
eral at one time for multiple cuts, as shown in Fig. 21, turret jiusitions 
1 and 3. Drills, boring bars, or reamers may be mounted in the 
central hide. 

Cross-slide toolholders are of a variety of types, such as the 
single-scrcw' tool post as used on engine lathes; cutter blocks in which 
one or more single-point tools may be clamped by setscrew’s, Fig. 21; 
and 4-way turrets in which 4 tools may be clamped and brought suc¬ 
cessively into n]ieration, Fig. 4. 

A flanged toolholder provides a rigid mounting on the turret face 
for slmnk-type tools, as .'«hown on face 5 in Fig. 21. By mcan.s of 
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.stiiiiiliirii bushings, tool sluiiiks of various sizes may be aeeoiimiodatefl. 

Boring may be rloiu? in turret latlics by einj)loying a single-point 
furged tool of tlie shank type; by having bits held in boring bars, as 
slinwn on turret fare 3, Fig. 21; by having diainetrally opposed cutters, 
the blades of whieli extend througli slots in the boring bar; and by 
solitl core drills or multii)le-blade boring or 
coiirderboring tools, as illustrated in Fig. 23. 

In single-shank multiple toolholders, Fig. 23, 
various tyj)es of tools can be grouped for mul¬ 
tiple cuts. 

Screw-Machine Tools 

111 working on liar stock in the screw machine, 
llie operations commonly |)erformed consist of 
cenlering, drilling, tapping, turning, chamfer¬ 
ing, and threading with tools carried in the tur¬ 
ret, and knurling, forming, and cut ting-off with 
lools carried on the cross slide. In some in¬ 
stances, facing anil turning are done with tools siijiiiorted on the cross 
slide. 

Tlu' flanged toolhohler with the combination stock stop and center 
is used as illustrated on turret lace 1, Fig. 24. The eenter recedes 
into the sttip for locating the length of the bai* stock from the collet 
and is brought forwarrl as shown for supporting the overhanging end 
of long bars in subsetjuent opl*l■atioll^. The center may be replaced 
by a drill. 

A center drilling tool, as illustrated on turret face II of Fig. 24, is 
used for centering the ends ol' shal’ts ecuicentric witli the outside diam¬ 
eter. The three rolls are adjusted simultaneously by a knob to fit the 
diameter of the bar. 

An end-facing tool, as illustrated im turret face I of the second 
chucking. Fig. 24, is often used for facing or rounding the ends of bar 
stock before threading. 

A chamfering tool is sometimes used to bevtd the ends of work 
for starting turning operations, and for other end-rounding and cham¬ 
fering work. These tools consist of a conical recess of hardened steel 
through the side of which the cutting edge extends. 

A single-cutter turner, as used on turret face 111 of Fig. 24, has a 
single-point turning tool rigidly backed by a roller back rest. The 
radial force produced on the bar stock by the cutter is balanced by the 
roller, thereby preventing deflection of the overhanging stork. 

A roller-back-rest multiple-cutter holder is made so that two or 



Fio. 23. A Mulliph* 
TiHilliDldi'r, Showing; 
Turning, Hni'ing, anil 
r'iic.nig Being Dime 
8i limit til uMJUsl v. 
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more cutters iiiuy be user! for turning two or three fliaineters at once. 

An adjustable V rest of hardened steel is sometimes used in place of 
the rollers, as shown in Fig. 25. When cutting soft metals, such as 


BoTTon Table Shaft 

.S.AE.I320 Steel 




Fif!. 24. A Bar Stiirk Srtuii uii a Warner anil Swasey Nd. 4 Universal 12-Si)eeiJ 
.\ll-(Ji'ariMl-Ili*afI Turret Ljilhe. 

This iiiiicliini; \» .spt up fur intirhiiiiiiK tlir biirt^ini ttilih* »<h.'irt. uf SAK KIJD A ilnwiiiK uf thn 

purl \h uhiiwii, iiiiei'lluT witli llir hixt rluirkiiiK oiiuratiiiii, in wliirli thu imrl i.s iiiurliinnil iiiiil i:ut friiiii 
bur .sliivk, liiid tliu simmuuI Ldiurkiiiu iipiTiit.i(in, in wliirli tlir iriil-iilT L'lirl i.s fiiiishL\l. This siMiip was iiiaiiD 
with slaiiilaril iunls fur priuiuriiiK tliusp parts in Ints nf 100. Thir priiii'ipU' of iMiiiihiiu'd cuts i.s illiis- 
traUil. Thu pnidui'liiiii liiiii> pur piurr is III iiiiii, iiudiidiiiK all sutiip tiiiiu. Tliu lluinan niiiiiurul 
adjacunt tu uuidi tuiil ilidiualus ils suipiuiicr uf iiporatiuii. 


brass and bronze, at extremely high speeds, there is less wear on the 
V rest than on rnllers, jiartieularly in the ahsenee of a rutting fluid. 

Tajter-shank drills may he attached to the fare of the turret by 
being mounted directly in a socket which fits the bore in the fare of the 
turret, or in a flanged holder bolted to the face of a hollow turret. 
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Often an extended drill holder with a sufficiently deep hole to assure 
a solid mounting for drills, counterborcs, and the like is used, as illus¬ 
trated on turret face V of Fig. 24. Floating toolholders of this type 



Fig. 25A. A V-Batk-Rpst Box 
Tool with Twf) Radial Ciit lors for 
Taking Multiple Fiiiinhing (-iits. 
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Fns. 25R. A Rolli^r-Baek-Rest 
Box Tool will) Taiigeiilial Clutter 
with (irouiul-in Cld]) Breaker fur 
Rough Turning. 


hold reamers so that a small amount of float may correct slight inac¬ 
curacies of alignment iietween tlu* tiirrt*! slide 'inid s])iiidle, as shown on 
face 5, Fig. 21. 

Tap and die holders vary widely in dt'sign. Many liohltTs are 
solid, involving a slip clutch so as to avoid tap or die breakage when 
ovL'iloads occur. Other tap nr die 
lioiilcrs are of the releasing type, in 
which the threading tool and for- 
wanl end of the holder are released 
from the shank ainl alloweil to ro¬ 
tate freely with the work Avlien 
the thread is cut to ])ro])cr length. 

The bar stock, liowever, must be 
reversed to withdraw the tool from 



the work. 

Collapsing taps and self-opening 
dies withdraw the chasers from the 
work when the tlireads arc cut to the 


Fig. 20. A Dnv etui led Tangential- 
Type Furin C.'ulter, as Held in a 
Tnullirilder iin the Front of the 
Cri).ss Slide of tin* Warner and 
Swa.sey riiiversal Turret l.iat.he fur 


required length. 


Fini.sli Funning a Spring Collet. 


Cross-slide form toolholders for TIipkhOuik [.‘iIkems given a relief and rako 

, , ,, . , I na iiitlicaled lit the right. 

uolding circular-type or tangential- 

type form cutters are ahso used on the front or rear of the cross slide 
for cutting off aiul forming. A dovetailed tangential form cutter is 
shown on the front of the cros.s slide in Fig. 26. A circular forming 
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tool is shown in Fig. 27. Form cutters of tliis type are ground to 
proper form and size after liardcniiig. In all subsequent sliarpenings, 
they are ground only on the face of the cutting edge, so as to retain 
the same relative position of the newly ground face and the work 
as was produced by the new cutter. Cutters of this type may be 
given an appreciable rake angle with the cutting i)oint on tlie center 



Fiij. 27. All Vi(^w' of !i (Urfular Form Culti^r, 8him'iii|^ Its roHitioii with 

Hcsiuu'l to the Work. 

ThR ruitinn Thpr C Ih iiii thi* r'.Riiti*r lint* rif thp wnrk hut u diNtaiinp Z hi>luw llii* RRiitiT iif the 
('.utter. A reliilioii hi'tweeii lU'iUMiHiimh and iiiiiilin* ih um foUuwM; (1) V = ti - r; (2) Z = U niik c; 

/n V < j • I .i V . j t' Mill r 

(3) r 8 U 1 d — C Hill r; uiiii l4) tun a - - 

U — C BiiH r 

of the work when turning copper anil aluniinuin, a smaller rake angle 
for general work on steel and iron, and no rake angle when cutting 
brass or bronze (see Srrrir Machine En^inccringj May, 1947, p. 57, and 
July, 1947, p. 02). They may be tipped with sintered tung.sten carbide 
for special work on noiiferrous materials. 

CUTTING SPEEDS AND FEEDS FOR TURRET LATHES AND 
SCREW MACHINES 

For turret-lathe work where the machines are designed for rigidity 
and for furnishing ample power, the depth of cut for the roughing cuts 
should be large ami the feeds for roughing should t)e from 0.020 to 0.062 
ipr.. Usually in turret-lathe work, where eastings and forgings are 
being machined, only siifTieient metal i.'j left on the surfaee to be 
machined off to permit the jiart to be cleaned iqi by a light l ougliing 
and finishing cut. When hard steel is used, the feeds should he re¬ 
duced to 0.010-0.032 in., ilepeinliiig upon the grade of finish required 
and the depth of cut. 

Ill forming or cutting-off operations in screw machines, fine feeds 
are used which range from 0.001 to 0.002 in. for wide forming tools, or 
wliere the tool is working under unfavorable conditions such as in cut¬ 
ting off. When the diameter of the work is small, down to i/[ ^ in., or 
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the tunl vury vviHo, nuirh fint‘r ferds, vvvn iliuvn In 0.0001 ipr, iniis( 
he used to prevent distortion of the work. Fine feeds with eorresj)ond- 
ingly high speeds are generally used to obtain the best surface finish. 

Cutting speeds for use as a guide in setting up turret lathes are 
given in Table VlI-2. These sjieeds should be increased for lighter 
cuts. 

In screw-machine work where machining time is an important fac¬ 
tor in the cost of the work, special materials have been developed 
which have free-cutting prnijerties, as described under Metals Ma- 
rJilned, Chap. VII. 

Ilullnw mills and box toids of high speeri steid operate at turning or 
flrilling speeds of about 180 fpm as 100 j)er cent anil noriiially at feeds 
of 0.006-0.012 in. for an 8-lir tool life. 

Drills of the helical fluted type arc used for most work on automatic 
machines. Straight fluted drills, or the helical type ground to zero 
rake at the cutting edge, should be used on brass to avoid digging in. 
For good results, the drill should be flooiled with cutting fluid and the 
fccils moderate with a high peri])heral velocity. Deep holes should he 
produced with drill siieeds of 50-70 per cent with feeds of 0.003-0.007 
in., or at 100 per cent speed by rotating both the work and the drill as 
this assists in removing the chips and getting the cutting fluid to the 
l)oint of the drill. 

Threading with chasers is carried out at 30-35 per cent of the rated 
speed. Cutting-off tools operate at speeds of 100-110 jier cent of the 
rated speed with light feeds of 0.002-0 003 ijir. Form tools operate 
al 100 per cent of the rated sj)eeds with feeds ranging from 0.0005 to 
0.003 in. 

Knurling tools operate at 100 j)er cent rated speeils with feeds of 
0.015-0.030 in. for turret tools and from 0.002 to 0.006 for i-ross-slide 
tools. Drilling speeds vary from 100 per cent rated to 55-70 i)cr cent 
rated for the deeper holes. Usually light feeds ranging from 0.003 to 
0.007 in. arc used. The above sjieeds for high speed steel tools would 
furnish a life between grinds of about 8 hr, during wliicli a good surface 
finish is maintained. 

A cutting fluid always should be used to increase tool life and to 
provide a better finish on the i)roduct. It siiould be such as to lubri¬ 
cate the moving parts of the machine anil have no injurious effects 
U])on the machine or work. It should be tran.<parcnt so that the 
cutting action of all tools may be under continuou.s observation. A 
paraffin oil gives good results for brass. A mineral-lard oil is more 
often used on steel and is better when threading nr tapping. A rich 
emulsion is often quite satisfactory for general work on soft steel, but 
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a sulphurized oil is best for soft or rlurtile metals such as alloy steels, 
hot-rolled steels, Monel metal, and stainless steels. 

Where much material is to be removed, carbide tools sliould be used 
where possible, particularly for cutting-off, turning, and forming tools. 

The various oj)erations sliould lie so arranged 
that the peak horsepower should not exceed 
the average horsejiower develojied during the 
cycle. A motor can cany a 50 per cent 
overload factor for a short jieriod of time 
(♦S’rre'u; il/nr/ime Enginee7'in(j, November, 
1949, p. 32). 

There arc many screw-machine products 
whose functional rcrpiirements jicrmit the 
use of either brass or steel. A greatly in¬ 
creased rate of jiroduction due to the superior 
quality of brass, together with the high salvage value of brass scrap 
including chips, serves in the majtirity of cases to bring the total cost 
of producing a ^iven piece in brass well below that of a part produceil 
in steel. The example given in Fig. 28 shows the relative cost of 
making Lyjiical screw-machine products from brass and steel. 


Table 1. (^omcahative Costs of Anaconda FREE-TunNiNn Rrass and SAE 
1112 Hteei. When PiioouciNti the Filler Cap Illustrated in Fiti. 2S* 



Brass 

Steel 

PnidiicUon per day 

4, UK) 

800 

Work rpin 

3,(KK) 

KIO 

Material rost per pound 

$0,146 

$0,036 

Scrap value per pound 

0.0S3 

0.00 

Net mal.prial cost ])er M 

2.83 

0.!K> 

Maeliiiip, tool, and labor cost per M 

0.H6 

5.1!) 

Total net. cost per M 

3.79 

6.01) 

Reduction in net enst per M 

2.30 

(37.8%) 

Hraus jiriee per pound at which total co.sta 



for bra8H and Mteel beeoine equal 

0.655 



* From A. C. Niultioii (Ju. lluport Nu. AN-ll-KZ. 



Fio. 28. Thn Filler Cap 
ProiluMBfl in Aciionhinne 
with Table 1. 


QUESTIONS 

1. Drsrribp how iin rnpinn lalhe may be convert ml into a turret lathe. 

2. What. ut'CRSsorins in aililition to thosp athleil in riiipsliim 1 arn npeilpil for 
niiirhiniiiK bar stoi'k? 

3. Under what cnnililinns woulil an I'ligine lalhp modifind for tiirrrt-lathp work 
be used as compared with a plandnrd turret lathe? 

4 . What is meant by a toolslidp lathe and how does it funrtinn? 

5. When would you use a turret lathe in preference to the toolslidc lathe? 
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6. What is meant by a universal fiirret lathe? 

7. What is the difference between the ram-lype and saddle-typo universal 
turret lathe, and whii-h would you select for heavy-duty work? 

B. What is meant by a cross-sliding head, and liow does this influence the use 
of the regular cross slide? 

9. What is ineanl by a cross-slide turret, and what is its use? 

10. In screw-iiiaihine work two tools may be usinl on the cro.ss slide, one in 
front of the work anti one in the rear. Why is the tool in the rear inverted? 
Siinw by sketch. 

11. Explain the principal differences as to use belween a horizontal turret lathe 
anil a vertical turret lathe. 

12. Explain several diffi'ient methods of obtaining spinille sjieeds in screw- 
niacliine work. 

13. Exidain Iwo eoninionly used ways of feeding llie bar stock in a screw 
ni.'ichine. 

14. What types of Avork-holding ilevices are used on lurri’1 lathes? 

15. \^'hat is meant by sui-cessive cuts? Illiistrati' Ity drawing. 

16. What is iiieaiil by combined cuts? Illustrate by ilrawing. 

17. What is meant by multiple cul.s? lllirstrate by drawing. 

IB. What are some of the typiiail toolhoklers useil on turret lathes? 

19. Explain the flifference bi'tween tangential and ciicuhir forming tools. 

20. What is meant by free-cutting .steel? 

21. What are some of tlie materials commonly used in scri'W'-maclune work? 

22. Under what conditions might it be eheaiier to make ])arls of biass ralher 
llian .steel? 

23. Make npces.sary sketches to show the tooling setu]) foi’ making a typicid 
cap seri'w of hexiigonal bar stock. 

24. Compute the total number of 12-fl standard Irnglhs of SAE 1112 sli'el 
reiiiiii-ed to produce 10.000 filler caps, .shown in Fig. 28. if the cutoff tool ]/\f\ in. 
thick is used and 5 per cent is allowtoJ for butt emis anil scriip. 
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CHAPTER XII 


AUTOMATIC TURNING MACHINES 

DEFINITION 

According to present usage, the term “ automatic ” is generally ap- 
f)lie(i to inaeliine tools in wliich (he movements of all the cutting tools, 
as well as those of the material V)eing cut, are actuated so that dupli¬ 
cate i)arLs may he made repeatedly without the constant attention of 
an operator. If the machine tool simj)ly performs a complete cycle 
of macliining operations, hut rerpiires the attention of an operator to 
remove the part each Lime one is finished and to present an unfinished 
part to be machined, it is sometimes called an automatic, but is more 
generally known as a semiautomatic machine. 

Even in the fully automatic machines, an operator is recpiired to 
keep the machine jirovided with material such as bar stock or castings, 
so it may lai presented automatically to the working tools. In this 
way, one oiieralor may be able to keep several machines working 
continuously. 

There are many types of automatic machines in commercial opera¬ 
tion, such as printing machines, grinder's, millers, gear cutters, broaches, 
ilie-casting machines, jumch jrre.sses erpiiiiped .with automatic feeds 
and ejector's, electric welders, and di'ill [iresses. Automatic turning 
inacliines, however, are confineil to o|)erations of turning, facing, drill¬ 
ing, Iroring, reaming, threading, forming, and knurling. The range 
of operations which may be performed by individual machines varies 
ennsiderably. 


CLASSIFICATION 

Automatic tui'ning imichines, as developed at present, may be 
classified as follows; 

1. AuliMiialii- holies 

(ri) Turrel nr Iniilslide 
(h) Single nr iiuilliple .^pinille 
(c) Hnrizonliil or verliral 

Automatic lathes include that group of machine tools which prin¬ 
cipally irerrorm tuniing or facing operations automatically, on parts 
which are chucked or held on ceirters. Automatic screw machines, 


2. Auloiinilir si rew iiKirliiiies 

(a) Sini^le .s]iimlle 

(b) Multiple siiindlc 
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nn the iiHier hand, are those automatics whicli produce finished nr 
si'inifinislied parts from bar stock. Both types are frequently provided 
with nuiKiizines or attachments to convey small roujaiii or semifinisheil 
parts to the chuck of the automatic lathe or the collet of the screw 
machine. 


AUTOMATIC TURRET LATHES 

The automatic turret lathe is quite similar in make-u]) to the hand- 
operated ty])e. It is usually jirovided with a front and rear tool post 



A, fust- ami slow-iiuitinii-cdiitnil kntib; B. fiist-iiiiitiiin Ipvpf; C, «tart,-iiiiil-8tr>i> fuiMl Irvi't; D, iiiaiii- 
lever; E, feed hunil-eniiikinK Nhufl; F, atitoinatii>feeil uiul iD|ii>[!il-i.'liiiiiKi‘ levers. 


I’ll!. 1. Thv Polter and Jolm.smi 5-1) Powcr-Fli'x Autniiiiitii- Turn-l Lathi* with 
Sutup for Maidiiriiiiy; Oiii; End of Ihr Mallcaldi* Ca.sL-Iron Hub for an Auloinobiln 

Rriir VVhrel. 

Firtecii iiircRs arc machined per hiiur per machine. 

on tlie cross slide and a turret of either the ram nr sadillc type, having 
4, 5, 6, or B faces. 

Figure 1 shows a semiautomatic turret lathe. The 5-taced turret is 
mounted on a saddle-type slide, the action of which is controlled by 
cams bolted on a cylindrical drum beneath it. A second drum, placed 
beneath the cross slide at right angles to the ways, controls the move¬ 
ment of the cross slide. Block-type tool posts are shown mounted on 
the front and rear of the cross slide. The chuck is mounted on the 
spindle, as in engine-lathe work. 

There are four mechanical changes of speed and three selective 
charges of feed. The driving pulley speed is 1,200 rpm, the jmwer 
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beinf^ transmittefl Ihruugh helical gearinp; tn the .spiiulle. Other fea¬ 
tures arc the (feiieva mechanism, see Fif*;. 22, to revolve the turret at 
the end of its withdrawing stroke with automatic binding after in¬ 
dexing. The carefully aligned ways arc of hardened and ground steel. 
The gears and shafts are chromium-nickel steel, aiul multiple disk 
clutches are employed. A typical setup for machining a cast-iron 
gear blank on this automatic lathe is shown in Fig. 2. This setup is 



Fie.. 2. A Selup fur Mufliiiiiiig a CJray-C^iisl-Iroii C'li'jir lUjiiik in llii* I'irsl Churking 

Position. 

A Pdlii^r mill .lohiiMun li-O tiirrrl-lyiiD uutiMiiiitir rliui‘kiii|r unil tiiriiiiii; luiirliiiit' in iisnd. Tlii' hub 
iH niml. 'dll’ luilwiili- ilimiifti'r is 14'.j in. uiul tlic fun* is 2 in. \iiili‘. A 4."i-ild(r brvel ' H-in- "iilp 
is fiiniiiMl nil till* inniM- rim iiii I In* sidr nf the huh iirnjnrliiiii. si-i|uirni'.i‘ iif n|M>rii1.iinis is illuHl.nitpd 

in Hip iirildr uf Hip iiirri't fun- iiiiiiiImt. 

(|uite similar to that in I'"ig. Xl-21 in connection with turret-lathe work. 
The operations on the 1' o-in.-diam. bore are core ilrill, rose ream, 
single-point-tool bore, ami flute ream. The rim turning and facing 
tools may he of sintereil carbide. 

A horizontal, semiautomatic, multiple-spindle chucking type of 

lathe is shown in Fig. 'S. The 3-hp, 1,800-rpin motor located in the 
heail end of the base drives to the single pulley shown at the left 
through a short belt. There are three tool spindles. Nos. 1 and 2, 
generally used for boring or turning, are arranged to receive boring 
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and turning tools. Spindle 3, commonly used for threading, is ar¬ 
ranged to receive the friction-drivc tap or die holder or other tools. 

The turret drum, cylindrical in shai)e, carries on its left end a square 
face])late to accommodate four nonrotating chucking fixtures. The 
turret is mounted centrally in the large cap bearing. It is positioned 
liorizontally in its bearing through the central threaded shaft which 
carries a micrometer index dial. The turret is indexed, moving the 



Fin. 3. The New liritiiiii Nn. I2A .\u1nni:ilie ChiiekiiiK Mai hiiii' UsimI fur the Riifnil 
Pidiluelinn nf Sinnll P.-irts. 

'I'liiTi- !iri' thriM- liiiil SIliiifill's Mini rimr ‘J-jjiw pliui;k.s. Tin* r-lun'ks iiri* iirniUKi'il fur iiir Dprnit.iiui 
tliniiiKli rack arul iiiiiiuii. 

wnrk from oiiposite one tool .":])inflle (n tin* next, hy a Cleneva-type 
mechanism located uniler the giianl at tlu* exlremi* right for gradually 
accelerating the turret and ehecking its motion without shoek. The 
turret is aiitonriitieally ehiiiijied in pnsition after each inih'xing. The 
air cylinders, four in all, are contained within a single cyliniler block 
mounted on the right enil of the turret shaft and bolted to tin? turret. 
The air valves are automatically upenetl when the turret indexe.s from 
the finish position, permitting the finisherl ])art to ilrop into the work 
ehute. The operator insert.s a new piece and closes the air valve for 
that chuck. The horizontal bar for feed cnnti oi i.s conveniently located 
in front of the operator. This tyiie (d‘ machine gives very rapid prn- 
rluction up to 1,800 jier lir on small parts of lirass, steel, or iron 
castings, forgings, and bar work, in whicii turning, facing, drilling, 
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boring, reaming, or threading operations arc required. The time to 
machine a piece completely is equal to that of the longest single opera¬ 
tion. 

A closc-uj) of an operatitm on a similar machine is sliown in Fig. 4. 
The chucks arc nonrotating but are indexed successively opposite the 
tools in the rotating cutter spindles. 



Fio. 4. A (^loH(^-Up of the’ (Joss .'iriil DcLf’fuw by 8-in. 5-Chuck Semiauto- 

iiuitic TuniiiiK Miichirie. 

Al till* left Hliiiwn II vinw iif tlir' livn wurk-lioliliiiK 2-jH\v rKnrkN. Thn ari> fonnitrl in ht rhn 

imrl mill nimtiiIimI tii proviilc lii‘ttrr Kri|i|iiiii:. Tliiiy iiri* npiMiiMl anil pIdhimI hy thr tiirn-stilivluiiiilliMi 
Hiipki'l. wrL‘iiL!li fixuil iippdNili' tlii‘ ioiiLliiiti; luiMitiun, Al On; riulit i.s shiiwn a vii;w uf thi; variiiUH toiilB. 


AUTOMATIC TOOLSLIDE LATHES 

The single-spindle semiautomatic lathe of the toolslide or carriage 
type resembles a turret latlie without its turret, leaving the front and 
rear toolslidcs which are independently and simultaneously operated. 
Some designs have a tliird slide which may be located in the turret 
position. Each toolslide may carry one or several cutting tools. 

The slide-type machine performs its cycle in much less time than 
the turret tyjie, only single cuts or multiple cuts by a single pass, 
however, being taken on a surface, whereas the turret lathe performs 
successive oiierations on one surface. If two cuts, such as roughing 
and finishing, are required on a part ami the toolslide-ty])e machine is 
used, the roughing cuts are performed in one machine and the finishing 
cuts in a second. 

This type of machining cycle jiermits castings to be heat treated be¬ 
tween the rough and fini.4i cuts, or allows the casting to cool off after 
the roughing cuts aiul before the finishing cuts. 

The Duomatic, Fig. 5, has two independent carriages. Each car¬ 
riage has a low rigid slide and is equipped with independent power 
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rapid forward and retui-n travorso, as well as power feed, to both the 
carriage and toolslidc. Both carriages can be used siniiiltaneously for 
turning or faring, or, as is \isually the case, one carriage with its tool- 
slide is used for turning and the other for facing. One large rotating 
feed screw drives each carriage. This feed screw provides the longi¬ 
tudinal movement of the carriage and drives the cross-feed screw of the 
tonlslide. Six quick changes of speeil are secured through the simple 
sliding gear headsttjck transmission by the manipulation of two levers. 



Fin. 5. Tlic liDclgc and Shipley Duoiiiatii'. lialhi* Ailapicd lo yiiaiitily Profluction 
of Lathe Work Held Iietweeii Ceiilcrs, uii an Arhor, or in Suilalilc lloliliiiK Fixtures. 

The transposition of a pair of pick-ofT gears, easily accessilile, gives six 
additional sjieeds. 

A setup on the Duomatic lathe in which the tools are inounteil on 
the front and rear cross slide for machining the fins lai an air-cooled 
airplane engine cylinder is shown in Fig. 6. The material is SAE 3135 
steel forged and heat treated. The cutting sjieed is 35 fpin, and the 
transverse feed of the front and rear slides is 0.004 ipr of the work. 
The tools used arc rectangular bars of high siieeil steel i)ro])erly re¬ 
lieved. The floor-to-flnor time for machining tliis [larticular cylinder is 
8 min. The cylinders are delivered to the lathe with the holes finished 
and all external .straight surfaces and sides inacliined with the excep¬ 
tion of the fins. The grooves are roughed out by the inverted tools 
on the rear cross slide and finished by those in front. The work is 
lield and driven at the head end by a special three-section air-operated 
expanding arbor and on the tailstock by a revolving special center with 
three hardened and ground inserts. 

Figure 7 shows another view of a tool setup on the Duomatic for 
machining an automobile cluster gear. The tools on the rear slide are 
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fed transversely into tlie work, and those on the front slide are fed 
longitudinally to tin; left. The material is 8AE 3250 steel drop forged. 
The cutting speed is 75 fpm, anrl the feed of the front slide 0.029 ipr. 
The feed t)f the rea^ - lide is variable, starting with approximately 0.050 
in. for facing. It is 'd to a finer feed for tiie heavy forming cut 
at the bottom with an ultimate die out and dwell to clean up. The 



Fin. li. A Fljiii Vii'vv of si. Tnnl Setup Fin. 7. A Pl.'iii nf a Srtup on the 
nil till' Lridp* anil Sliiplrv Duriiiialir Duuinatic Latin* fur Marhiiiiiig an 
Lathi* fiiv IliuiKhiiiK anil FinisliiiiK the Auloiuuhiln Clu.st.ei' Cear. 

StraiKlit-^'idfd l'in.s nf Air-C^nnliMl Air¬ 
plane I'Ji^ine ( Vliinlers. 

tools useil are made of reel angular bars of high speed steel, anil the 
machining lime floor to floor is 1.1 min. The cluster gear is delivered 
to the machine with the hole fini.sh(‘d and the end face of the first and 
last gear machined. Two driving holes are drilled diametrally oppo¬ 
site each other in the face of the large gear for driving purposes. The 
cluster gear is supported at the head end on a s|iecial plug arbor, and 
the drive is through the medium of a special comjiensating-type driver 
having two jiins which engage tlic drilled holes. A revolving plug 
center supjiorts the work on the tailstock. 

The Fay automatic turning lathe. Fig. 8, represents a horizontal- 
spindle machine of the single-sinndlc toolslide type. It has front and 
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WAY U)ul or slides inountiMl on lieiivy lyliiulrieiil bins. Tlir 

lorwartJ bar on Avliich Llic front laiiTiagu is mountrrl is moved longi¬ 
tudinally by a cam on the master driiiii under the head. Thi.s operates 
tlie tools for turning operations. The front carriage may be fed longi- 
riulinally and at the same time given a tilling motion for taper or form 
turning by the shaped former-slide shown on the front of the bed. 



Courttsu Jv 1 and Larnaon ^1/nr7ii/iR Co, 


Fifj. 8. A N’ii'vv t»r till* 12-iri. hy Ift-iii. loiy Aulniiiiitif Liithn Tf)nl(*fl for 

Msii liiiiiiiK a Trui k Hi*iir-Axli* Shul’t. 

1 VMi iniiii Tiiiil (■:iiTiiiKr's aiiti ihriM- n^ar nr li:i(-k-:iriii liiiillinlili^rs urr pniviilril. 1 Jir* tnrecU »iiiiii ij| 
11.11) -U.1"i per I'l'iit [•iirlnm .^liri'l i.s in. Iuiik riiiil 2 in. ilinin. willi :i lii-vi-l-*r|.;ir lilnrik 4' k in- iliniii. nn 
niii* eiiil. 'I’lii* iiiunritril un mitfr.s. i.< ilri\ r>n ninl .‘<tf.nrly-n*stiTj willi tin- ri'iitrjr tlriA i* iiltur-hinniit 

>\liirli n*riMvi\s it.s iiiiilivL' puwiT frijni tin; lii’mlstui'k. Tin* li'ft i^!irria(£i* tnriis llii* tiipcr, litul lln; riirru- 
^<p(iniJiiii: hiii'k urin fnrlll^i mill r-|i!iinrL'r.*« On* liiri-:nl ilimni'UT with u riri-nhir rnniiiim tunl. 'I'lie riKlit 
friiiil ['iirriiiKi* fnnii.s mill I'h.-iinfi'i'H tin* hark nf thr* ifi'iir anil tin* hi'iirinu rlimiirti'r with ii I'iri'iilar fiinn- 
iii;: iriiil. Thr hark arm un tin* tail.*slin'k einl fnnii.s ihr ran* uinl hark mu'li'is uf tin* ^rar with a rirriiliLr 
rnriiiiiiK hiiil, and the niiddle hark arm piit.'« in tin* ilinihir iinilrrriit fur u;riniiinu Ihi* haarinK diuineter 
at thr hark nf thr ^rar. Oy ilsiiik lliK rpm fiir iiirnirm ainl .~ili rpm fiir runiiifiK, a fliiur-tu-flijur time 
nf 1 mill 17 srr is iihtainrij with a l■l•rrL‘.spllnllillK pniilnrtiuii uf .'17 liniHhrd shafts per hr, whirh 
is 8U per cent rflirieiiry. 


The rear toolholder mounted on the rear bar is nuule to rock in the 
transverse jdane by drawing a supjiorling former-slide to the left. 
The former-slide is moved independently by separate cam on the 
ina.^ter drum. 

Automatic loading is applied to production turning machines in 
Fig. 9. A ca.st-l)ronze bu.shing, previously broachi'd, oil grooved, and 
milled to length, i-s loaded in the supply ehute to he turned concen- 
trieally on the outside diameter. After being turned, the work is 
ejected from the si)indle into a take-away chute. 
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A pnfiiJiiaUr cylinrler, Fif;. 9, on tin- riglit vm\ of tin* spiinllr opmatcs 
the expanrlinR split nuinflrol for grippinfs tlie bushing whilr it is i)eing 
turned. The horizontal cylinder tm the headstock stri])s the bushing 
from tlie inanrlrel after it has been iurnerl. The cylinder on tlu; end 
of the tailstock loads the Inishings from the chute onto the rlriA cr. The 
fourth cylinder on the front of the headstock ojierates the rapid trav- 
(!rse of the carriage as a booster cylinder to assist the ft'cding cam in 
the quick return of the carriage unit. In subsefjuent operations, the 



Fig. 0. A CIdsp-Uj) View of the Lo-swiiij^ ]\Ii)ik*l F Auloinulir. TiUthr Setup to 

Turn ItushiiiKs. 

Thr umiiiKi'iiu’iit iif thi' cluiti* wliicli .supiilii's ruiiKh »tiirk tu lliti siuiidli:, tin; front liiiiKitiiiliiial 
toolaliilo, mid tin* Lukuh iniiMiiiiiitii; nliui'k uttuuliinL'iitM tirr hIiowh. 


ends are laced and chamfered and the casting is rut in two to make 
wrist-pin busliings. 

A vertical multiple-spindle, toolslide turning machine having 6 
chucks and 5 working s[)indles with corresponding toolslidcs, Fig. 10, 
is one of the most |inulurtive machine tools of the turning and facing 
tyjie. The Mult-Au-Matic type D is made in 3 sizes of 8-, 12-, and 
16-in. swing with either 6 or 8 spindles. Forty-one changes of speed, 
from 33 to 300 rpm, and 82 rates of feed fiom 0.0056 to 0.246 in. per 
rev are available. The type K Mult-Au-Alatic is a high-speed de¬ 
velopment of the standard machine with 6, 8, 12, or 16 sjundles. It 
operates up to 883 rpni with 41 speed changes and 82 feeds. Double 
indexing may be em|iloyed, providing a double setup or to give two 
loading stations to permit first and second rhucking of work. 

The fundamental idea of the Mult-Au-Alatic is the dividing of 
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machine work on any given piece into operations and work units, and 
meeting these mechanical requirements by balanced simultaneous 
processing on each of its inultijde spindles. The operator stands at 
station 1, the loading and 
unloading point, where the 
chuck is stationary. All other 
chucks and slides are work¬ 
ing during the reloading time. 

The slides at each station are 



set up to correspond with the 
tooling of one face ol’ ii tur¬ 
ret. The work, after being 
rhuckefl, is automatically in¬ 
dexed sueeessively to all sta¬ 
tions and finally returned to 
ihe unloading station. It 
losses through the various 
stages of inaehiniiig ainl is 
completed when returned for 
unloading, P'ig. 11. 

Several ty])es of heads are 
provided for dilTerent types 
of operations. There is a 
plain vertical head in which 
the tools are fed vertically, 
a compound-horizontal head 
in which the tools may be 
fed first vertically and then 
horizontally, a universal head 
in which the tools may be 
fed vertically, horizontally, 
or at any angle, and a 
do\ible-purpose head with 
which coinl)ined cuts can be 
facing. 





CourtEsy Bullard Co. 

Fin. 10. The liulliinl 12-iii. 8-Spiiiille Type 
D Mult-Au-.Miitie. 

Witli imi* Irjurliiiff priHitinn hI tin* T-wrpnnh uiiil 
Bpvirii .siiiiiiltiiriFMiiiNly wurkiim NtuliuiiN fitr riuilli|jlc 
anil BiiiTPHsivi* riitK, intrlM un* fiii'iHliiMl ul. p/mli iiiJiixinK 
in a tinii* f'i|ii!il tn that nf Mip luiiKent HinfElp nppratiuii. 

taken, such as drilling, turning, and 


SPECIAL-PURPOSE SEMIAUTOMATIC LATHES 

The semiautomatic duplex-type crankshaft lathe, Fig. 12, has been 
designed fur machining one pair of crankpins at a time and for machin¬ 
ing two or more line bearings at a time on multijde-throw crankshafts. 
This lathe is suited for machining crankshafts for automobiles, tractors, 
etc. In factories requiring a large production, one lathe is provided 
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^loHon I —Loading SUdItm 2—Roughing Station 3—Roughing 

F.P.M.50 Feed .0162 F.PA1.77.9 Feed .0244 



Fig. 11. A Siiiics iif ()|u'i-aUinLs H.iM[uiriMl ti) Mai-liiiii' a Small C^ast-Iron Malar 
Haily on a Mull-Au-Matii* E(|uii)piMl wilh liiiliviilual-Typn TaalliolLUM’s Whinli 
ri'i'iiiit l'Mi;\ilnliiv in Clian^i* nl‘ Si'lup. 

Till* 1 'iit.liniE tiiiin nr tin* IniiKi'Ht upiTution ih 41 Hi*r.; the iiuli'Miin: ami Iiimu] triiverfm time is 8 sec, 
niakinK u Intul time: per piei;i* iif 4 !) mi:r. 



Courlrsy Wickss Brothers. 


Fig. 12. A 34-iii. SwiiiR Somiautoinalic Duplnx-Typo Crankshaft Turning Lathe. 

This iiiHrliiiii* is set up liir liiniiiiH siniultiiiiiHuisly uiie pair iif pins or two nr more line benriiiKs oh 
iiiiiltiple-tlimw erunk.Hli ifts. Hntli eniLs of the rraiikshaft ure helrl in pnl cliueks, eiicli pair of chiirks 
HU ilesiiciied that the piiLs ur beariiigH beiiiK iiiuchiiied rotate on center. 






SPECIAL-PURPOSE SEMIAUTOMATIC LATHES 


421 


sr't up for curli npcration, i.r., for rarli jiair of pins or for eacli liiip- 
boariiiK operation. If the production required is only one 

latlie may be provided with several sets of inierchangeMblc tools so that 
all operations required on the crankshaft may be performed in turn on 
(he same lathe. Pins and line bearings on crankshafts having a stroke 
up to 8 in. and an over-all length of 6 ft may be machined. A pro- 
rluction per hour of 20-35 pairs of j)ins or 10-25 crankshafts requiring 
a cheeking operation is obtainable. 

The machining oiierations on the crankshafl forgings, such as a 
b-throw, 7-line bearing crankshaft, would be soini'what a.s given below 
lifter the ends ha^'e been drilled and coiitdersunk. The shaft is 
mounted on center and si‘ciirely clampcal in the ])ot chucks by nnains of 
the self-adjusting drivers. Two sets of tools work on each pin or 
hearing. Each set niounteil on the rear sliile consists generally of two 
i‘utters which I'enujve most of the metal from the face of the chia'k 
and t'lids of the j)in or beiiring. A singli* wide-fai-e ciitti'r is monnied 
on the front slide for cleaning uj) the bearings. Tlie front jind rear 
tools are fed towarrl the work simultaneously. The machining opera¬ 
tions are as follows: 

1. Cliiu'k, (urn, iiud lilh't Xos. ',i, 4, .‘inil 5 line br*;uirij 5 .^, using Wit-kf's 34-in. 
iliililrx-l.v|u' ^■|■!lnksll;lf1 Ijidii' .‘IS siiDwii in Pig. 12. 

2. Furiii llii' stub iinil fljiiigi' l'IkIs; rluM-k, lurn, loiii fillrd Nos. 1. 2. C, iinil 7 
line brjuiiigs, u.sing a tN'irkf's l•l•u(el•-ll^iv(-1ylM‘ i rankshiifl liitlu*. 

3. I'^inisli-lurn No.s. 1, 2, 3. a, 6, ninl 7 liiii* bi'ariiigs on tlir iluiilnx-lypc r.raiik- 
sliiifl I:illi('. 

4. Clirnk, lurn, and fillet Nos. 1 and fi jiiiis on (lie rluplcx lathn. 

a. CliiM'k, turn, amt fillet Nos. 2 and 5 pins on tlu' dupirx lallie. 

0. Cheek, turn, and fillet No.s. 3 anil 4 ]uiis on the iluplex-latlie. 

7. Fiiii.sli-Uirn outside diameter and bark of flange on a 20-iri. rapiii-prodiir.linn 
lalhe. 

The center-drive type of crank.^haft lallie u.serl in the second opera- 
lion is quite similar to the duplex type, except that the crankshaft is 
mounted on centers at eacli end and flriven by a center-drive gear 
closed about the crankshaft as in Fig. B. The large herringbone gear, 
which circumscribes the self-adjusting driving dogs which engage the 
center main bearing, has a segment which may be raiserl for loailing and 
unloading the crankshaft. The center-ilrivc type of lathe permits the 
machining of both ends of the crank as well as tlie two line bearings 
at each end. 

The car-wheel lathe manufactured by the Niles-Bemcnt-Pond Co. 
employs the center drive so that the two wlieel.s on the axle can be 
turned simultaneously, just as the two ends of the shafts are being 
machined in the Fay automatic lathe, Fig. 8. 
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AUTOMATIC SCREW MACHINES 

Automatic arrow macliinos arc ilcaiKncrl to prnrliiro parta from bar 
stock. Sonic may be criuippcd with a magazine so that a second oper¬ 
ation may be done on the parts jircviously made from bar stock or 
even small castings or forgings. Machines of this class arc used for 
such a variety of ojierations and operate on so many different prin¬ 
ciples that space will permit the iliscussion of only Ihe most important 
features and descriptions of a few representative types. Most ma¬ 
chines of this type may be equipped with special attachments for doing 
secondary or finisliing operations such as slotting the head of a screw, 
drilling a cross hole in the parts, rear-enil drilling or threading, burr¬ 
ing. Magazines and attachments are discussed later. Unless the 
quantity jirodiiceil is sufficient to warrant tlie cost of sjiircial tools 
and the setting up id' Ihe attaidmieiit, it is cht‘aper to do these ojiera- 
tions later on another machine. 

Tools 

All machines are regularly ecpiipped with a large variety fif tool- 
holders to accommodate standard tools sindi as drills, reamers, taps, 
dies, shell mills, turning toid bits, straiglit or circular formed tools, 
anil cutoff' tools, as described in C'liap. XI. Miiny i)|)erations laapiire 
additioiud special tools for forming, or even attachments and fixtures, 
deiiending upon the nature of the work. 

Single-Spindle Automatic Screw Machines 

()f the number of ty])es of single-spindle automatic screw machines, 
a few tyi)ical ones are ])resented. Figure 13 shows the No. 2, singli- 
spiiidle automatic screw machine which takes bar stock up to in. 
diam. and feeds any length to 4 in. This type of machine is inaile in 
several sizes. The smallest machine. No. 00(1, takes stock up to 
■Vi ,1 in. diam. and feeds any length to 2 in. The No. 0 takes bar 
stock up to in. diam.; the No. 4 up to IVj in. diam.; and the 
largest machine, the No. 6, takes stock up to 2 in. diam. 

The sjundle of ■the c^verhead-driveii tyi)e, Fig. 13, is driven directly 
by wide belts on the two jiulleys, one pulley for forward motion, and 
the other for reverse as required in threading or for slow-sjieed opera¬ 
tions. A clutch between the two pulleys is keyed to the spindle. 
It may engage either pulley and provides a rapid change in direction 
of the spindle. See Fig. Xl-14. 

A separate belt drives from countershaft to the feed-drive pulley 
on the left end of the rear feed shaft. This drive runs continuously. A 
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cluti’h in the feed sliaft may be disconnected by tlie feed lever, shown in 
Fis- 13, stopping all motion in the machine but the rotating spindle. 

hen tlie feed clutch is engaged, the feed shafts at the rear, right 
end, and front rt)tate. Clutches on the rear feed drive shaft are con¬ 
trolled through connecting levers by trip dogs placed on the graduated 



CouTtsay Brawn and tHharpe Manufncluring Co. 


Kin. 13. The Ilrowii .‘iiiil .Sha-rjii* No. 2 Singh‘-Sy)iinlli* Auloiiiutir iSiaew Mar-hiiii^ 
Ilf the Hell-Drive Type ArraiiBi*il ft»i Motor Drive. 

carriers C, D, and E. A triji dog on the left side of carrier E may 
cause the clutch between the two siiindle jiulleys to r<‘verse or stop the 
spindle. A dog lui the right side of carrier E may change siieeds of 
the two-s|)eed countershaft. Dogs on carrier 1) actuate a cam so the 
bar stock is released by the collet, fed forward, and again gripped by 
the collet. Dogs on carrier C rleteniiine the time of indexing the 
turret. 

Tools located on the front anil rear cross slides are actuated by ilisk 
caiiK^ mounted on the front feed shaft as indicated in Fig. 13. The 
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turret, wliirh is mounted on li slitie, is given all forward motions fnr 
quickly presenting the tools to the work and the cutting feeds for all 
turret positions by the disk cam on the right-end feerl shaft. These 
three cams are made specially for eacli job, Fig. 15. 

The automatic rod magazine is available so that bar stock is takin 
from a magazine and fed through the feeding finger and collet to the 
desired position. The o|)eration (»f the magazine i.s timed in correct 
relation to the automatic functions of tlie machine. When one rorl 
is ii.sed up, the machine, except for tlic spinrlle, is automatically stoppeil. 
A clutch is siiniiltaniMiusly eiigagiMl, ami the nieclianism of the maga¬ 
zine is set in motion. This feeiis a new rorl into the collet, ejecting 
the remaining piece of the previous rod, and the machine again is 
automatically set in operation. The magazine may be restocked at 



I'JG. 14. Tiiol ScUiii for Making Iti:is.s Srrews in the No. 2 Ihowii anil Sharpe 
Aiitimialif Serew .Mai liim*. 

Till- HpiHul i» rpiii, iiiirl tlif pniilui'iiuii i.s !l2 piimm'h pi«r hr. Thi* hirrpt opiTiitiim.s .>irn 

fi'i'il Htnrk til .srnp I; nniKli-t'irii wirli Miit 2-liliiilr halaiiri'il liml 2; hiiisli-tiini with hiix tiiiii .1; thread 
witli Niiliil ilii; 4 (ritverNir spiiiilli* tn wilhilraw dir). l)r(i.s.s-.slidr upiM'aliiiiiij arc: funii hcvciv head with 
front tiiLil F aftrr 2, and eut uff and funn end witli tuul R after 4. 

any lime without interfering with the ojieration of the machine or 
magazine. 

The Hrown ami Sharin' automatics are manufactured in three types, 
such as the llireadiiig machine as ilescrihed above, (lie turret forming 
machine, and the cutting-ofi' macliine. In the turret forming machine, 
the spindle-reversing mechanism of the threailing machine is elimi¬ 
nated. This giA’cs a simplified form of antoinatic for work not tapped 
or threarled. The cutting-ofT machine is further simplified U) handle 
work which does not refjuire the reversal of the siiimlle. A single 
toolholdcr slide replaces the turret and its slide. These simplifications 
provide an automatic machine equally as ellicient as the regular auto¬ 
matic screw machine hut limited to ciitting-olT or forming work. 

Figure 14 shows a ty|iical setu]) in the Brown ;iml Sharju' automatic 
screw machine. The finished screw is sliuwii at the left with the front 
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furiiiinK ti)ol F forming ihr lieail iind llu' wav i*iitting-nfl' tool R I'uUing 
off the acrew and rounding tho end of the bar. 

Figure 15i4 shows the manner in which the cams are laid out for a 
given job to be done on the Brown and Sharpe automatic screw ma¬ 
chine. Three cams are required, one for the turret slide and one each 
for the front and rear cross slides. The portion of the circumference 
for each cam is a direct function of the number of revolutions of the 
work required by that operation, as indicated in the list of operations 
given in the figure. The small hole is drilled in the left end of the j)art, 
on the same mnehine, by the use of the burring attaelinient. After the 
fnriuing, knurling, drilling, and tajiping oj)erations are performed, the 
j)ieee is picked up by the traiisi>orting arm as it is sevt*rerl from the bar. 
It is then transferred to the burring attachnnait where this second 
opi'ration is iierforined without any loss of production time. 

A number of types of auxiliary attachments may he used on these 
maehim's to increase greatly the scope of work which otherwise would 
require the use of an additional maehiiu*. These attachments are of 
two classes. The fii’st performs seeomlary ojH'rations on the j)ieci‘ 
in a scjiarate mechanism after it has been cut off. To this grouj) 
iielong index drilling and operations on the cutoff’ einl of tlu‘ work as 
screw slotting, rear-end thnauling, liuri'ing, and other light o])erations. 
and hent-shaid\ tajiping. 'fhe secoml class consists of thosi* attach¬ 
ments used on the inaehine as tools for special work or auxiliaries to 
the regular tools, all of which operate from the tnrrt't or cross sliders 
ill conjiim'tion with the regular e(|iiii)inenl such as the cross drilling, 
drill rotating, tap or die lo olving, conihinalion drilling and ta|iping, 
helical-gear generating, extra vertical slide. 

The cross-drilling attachment mounted on the rear cross slirh* ro¬ 
tates a drill by a small belt directly from the countershaft. The work 
spiiulle is stopped during the cross-drilling operation, rer|uiring addi¬ 
tional time. 

A combination drilling and tapping attachment has a ilrill and ta[) 
supported in bushings in the turret. The taji is di’iven directly from a 
center bevel gear which, in turn, is driven liy a belt from the counter¬ 
shaft. The tail or die rotates in the same couulerclockwise directimi as 
the work, but slower, the eombinatiun of the two spei-ds giving a de¬ 
sirable threading speed. To withdraAV the tap from the work, its speed 
eniinterclorkwise is inereased so a.s to be greater than that of the work. 
The drill is rotated from the tap gear which causes it to turn in a 
direction opposite to the work. This results in a higher cutting speed 
for the drill. 

The Swiss-type automatic screw machine for the rapid prorluction 
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Eio. 15A. Thu Cains, riiniipd Tunis, find ()])priiti()ns for Miiuliiiiin^ a Kiiurlud 
Hriiss liisurt on a No. OOG llrown find Sliarjii* liigh-Spuud Mulor-Drivuii AutonUitir 

Srruw Miichiiiu. 


limiiirl briuw isiui'k L'-nlik-Llruwii in fiiH-m. diaiu. is iihkiI with u Nu. DO HpriiiK riiUat and frcdinK FiiiKcr. 
Tilt? HpiiullL' spri'il is l.rMlII rpiii fnrwiinl iiiul .j.lHM) rpiu reverai;. 'I’hf spiiiillr runs rrvnrHe fur the 
carbun-UMd-i^li'id rntss-sliili* tonls. Tin* ilriviiiK shafl rotutrs iit 2-iO rpin wiili i‘lianEu Kcara haviiiK 
U!L‘tli UN fulluws: nil dll' ilriviiiE sliiifl, 40; first im tlin .stud. liO; si'nniid un tiip stud, 'i2; and on the 
wLirni, 3D. PriMlui-.liuii tiiiii; per pieee is 3.2.~i see, eiiuivulpiit lu 1,108 pieces per hr groas. 


Sititidlr 

Hvnilutiima 


Ofdr.r «/ ft/iern/iViiis 
iixrf Tnnlf 


24 Index turret 

37 Knurl mid ronter drill L.II. 0.2.~iD in diain. 

24 IiuleK turret 

35 Part fiinn with front slide 

24 Index turret and n'verse siiiudle 

B Tap ill, 10-32 thread 

Reverse siuiidlc 

8 Tap out, then index turret tlirce times 
35 I'inish-form with fnint slide 

35 t'utuff with hack slide 

24 Filed stuck to atop 


Fetid jtrr Revit- 
lution in JncfiM 
0.020 

0.040 and 0.005 
O.DOlO 


0.001 

0.0025 
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of long, slender precision parts is illustrated in Fig. 15/?. The bar 
extends through a stationary, carbide-insert guide bushing located near 
the point of the rutting tools to give minimum overhang of the work 
with resulting high accuracy. Tlie bar stock is rntateii and held in 
tlie hcadstock which slides by cam action on the bed fur longitudinal 



CaurteHU Georgt Gorton Alachine Co. 


Fig. 15/y. The Corton Hi-H Automutic Screw Machine (Swiss Type). 

This inarhine. riiwiEniMl frir iurniiiE a wiili; raiiEi* nf al;Rliratt^ Hniall-diuiiieti;r, Iihik, NlendBr parts 
at hiEli H|ieod, invnlvns a iirincipli* nf tlir mitliiiE hi'iiiK Hxi'd in ii liBitd r:liiiii|ii.nJ un tin.' liBd u'ith a 
lit>ad.stuck rutatinnE and fuBtJing the work tu thi; tuullnvirl ax ilwlidi'x uii tlir lii'd l»y f'aiii uiitiuii. 

feed. By synchronizing this longitudinal-feci I movtaiient with cams 
which control the railial feeding of the tools, any desired sliape of 
work can be turned with single-point tools. Kach of the five radially 
jdaced tools may be adjusted with micrometer screws for axial and 
radial positions. The speed of the camshaft for tool feed is infinitely 
variable, allowing from 12 to 720 pieces j)er hr with low-range cam 
feeds or 20-1,440 pieces \)vr hr with high-range cam feeds, adjusted 
by a Graham variable-speed unit. Tlie cam feeds indicated on the 
lower left dial are obtained by turning the kniirleil wheel in the center 
of me control panel. The spindle speeds are infinitely variable 
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throughout the range from 750 to 10,000 rpm by means of a Reeves 
variable-speed unit driven by a two-speed motor. The spindle speeds 
are selected by turning the handwheel in the upper right of the panel 
and are indicated on the dial below. A section through the spindle 
headstoek and toolhcad is shown in Fig. loC. Bar stock up to "/nj in. 
diam. can be machined to a length of 2*54 in- The bar must be round 
within a total of 0.0003 in. and uniform throughout its length within 
- 0.0005 in. Foi' each setup five cutting tools, one bushing and collet, 



Fin. l/iU. A fiDiiKiluiliiuil VcrMi-iil Scrlion thnmgh Ihc (inrtoii Singlf-Hpimlli' Aiitr>- 
niiilii' Srri'w Miirliinc Tiinl Hciul iiiiil llcarislork. 

TIk’ Kuiili* liiiNliinK Toi' Hrcurfiti-ly liu-ritiiiK ilir* work with ri'Hpi-i’l ti) tlin tonlis is sliiiwii iit tin* (‘xtrriiic 
left al llir tniil luiiit, whilr llii* r^nlh^t fur rlriviiic thi* wiirk is shinvii at tlip k'n i;nfl nf Mir liruilstui'k. 


and five cam.s are needed. One cum is for liar Feed, a sei-ond cam is 
for the front and rear station, while three cams are for the three upper 
tools. 

In the single-spindle automatic screw machine, Fig. 16, the turret 
carrying the tools is a sliding ilnim 1) having five holes in the enil 
opposing the work spinille. As the tmret indexes, the various tools 
in the turret are brniighl sueeessively in line with the work spindle. 
Front and rear cross slides also are provided. These machines are 
made in various sizes having capacities uj) to T-Ji-in.-diam. bar stock. 
Tlie motorized machines have one motor to drive the spindle and 
another to drive the feed meehanism and coolant jnim|). 

The camshaft extends the whole length of the maehine just back 
of the siiimlle and turret. Various ilriims carrying cams are located 
on the shaft back of the mechani.'«m they are to operate. The two 
working cams on tlie drum F which control the cross slides by bell 
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rranks have a fixed angle, but are adjustable around the periphery of 
the drum so as to bring each cross-slide tool into play in proper rela- 
lion to the working tool in the turret. Strip cams ^4 on the regulating 
wheel may be adjusted in and out to drive the camshaft at any speed 
and thereby furnish the desired feed of each individual tool. 



.4, fitrin Riiiiis O) re^lllatl< timl fernl; B, trip pins fur fusl-sliiw fei'il r.liitrli; f.', .si’Kmnnt Ki'tir tn rniso 
nr InwiT fe^rl mil tn tnnl fi-L'a; D, i;aniwlnift iiinttir; E, sinrk ftM'il srKmr-iil; t\ cruHs-hliilB 

fiit'ii dniiii; G, tnul fi'L'd disk. 

Fits. l(i. A Rpiir View nf Ihi* ^^-iii.-rliam.-CapMfily SiiiKli-Spinrllii Mnd(4 A 
(■Irvpliind Aiiliiiiiiilii’ Si-itw Miiihinc. 

'Pill* nli'rtrif rnntrLil l)(ix fur auluiiiatir-ttlly idinn^inK tliB .Hpt;inl.s nf tin: driviiiK inntrir is shown. Six- 
ti‘Cii spindir: s|.H:nds from ri.j tn nnd un* uvuilahlu. 


A drum on the left end of the naiiLshaft has thirti'cn annular grooves 
which carry the trij) dogs. The first three groove.? carry trip dogs 
which start, stop, and reverse, resiiectively. the .^jiindle. The next two 
engage clutches for a high- or low-speeil series; the last eight control 
the motor to |)rovidc any one of eight siiindlc sjieeds for each of the 
high- and low-speed series. 

In the Gridley single-spindle automatic screw machine, Fig. 17, 
the spindle B, through which the bar stock is fed, is rotated by gears 
from a drive pullej^' -4. The various end-cutting tools are held on the 
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turret G, vviiich hiis it rntiiting luntiiin imly it i.s inrlexerl. The lonl-s 
are mounted on slides F on the several laces id' tin' tiirrel, and are 
vvithrlraivn or ferl against the work by a lon#^ sliat't extending to the 
main rajn dnini J on whic h are mounted tlie cams for sliding the turret 
tools, opening and closing the colhds, and feeiling in the har stock. 
The central or oi)erating flniiu carries trip flogs for indexing the turret, 
changing s|)indle sjieefls by shifting a clutch, anrl speeding the cam¬ 
shaft for idle movement. The front cross sliile receives its motion 


A 



Courlr.nn \aHtmal Armr Vu. 


i1, ilriVI? pulley; /C. f*, l■ll^-ll(T .Hliiii': O, fnniiiiu: slirlf*; tiiiilliuliliT; foul .sliilf; Cr, turret; 

//, iiiuiii RHinaliuft; /, ^rl)s^4-N^ull• i-iiin ili.sk; J, iiiiiin ram ilriim; K, Mturk FihuI wtiKht; L, rimtrr rum 
drum. 

Fia. 17. Ttu* (iriillry SiiiKle-Siiiiullc AuliiiiKOii* Miii’liiiii* Moili*! L .\rrij.iigini for 

|A;ir Wcirk. 

Thifu iiiarliiiit' ir* iiiaiii' in fuur nIxivs fur liar .siiirk up in J'.i, ^ 04 , -1 ' 4 , ami Ti in. diam. Tin* main min 
driiiii rarrirs tliri'r mrts nf ranus: In) tlir Mlork fml ram, (b) llir rnlli't upriiiiiK and rluHiiiK uain.s, anil 
(r) lurutiiiK liiil(?>> fur turri't .Hlidr raiu-'^. 

tliroiigh a lever from tiie ailiiistaV)le cam on tlie right face of the cross¬ 
slide cam disk I. The eiitoiT arm is ojierated by a cam on the left fare 
of this flisk. Change gears are |)rovideil for a wide range of speeds 
and feeils. 

The Cleveland and Cridley single-spindle machines may be adapted 
conveniently to chueking work, in whicli case many of Ihe available 
automatic features, such as bar-stock feed, are not needed. 

Multiple-Spindle Automatic Machines 

Multiple-spiinlle automatic screw machines are made having 4, 5, 
6, or 8 spindles. All bars of stock arc machined simultaneously. 
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These machines are provided with a spindle eiirrier. Fig. 19, in which a 
work spindle, carrying a bar of stock, is opjiosite each tool position of 
the liead so that all sets of tools are working simultaneously, rather 
than l)eing brought into play successively. Tlie siiindle carrier or 
work head carrying all bars of stock is inflexed after each scries of cuts 
so that each bar is, in turn, brought before each set of tools. A finished 
part is cut off for each indexing, ami the total time for each piece is 
equal (o the tiiiu* re(iuiri‘d to perform the longi'sl single operation. 

The Gridley 4-spindle automatic screw machine. Fig. 18, has end¬ 
cutting tools rigidly attachefl to the corner.s of the square main toolslide 
(turret) which is fed against the work by helical cams attaclied to the 



Kir.. 18. Till- (Iriilli'y t-Sfiiiiilli* Aulunisitii* Si-ri'w Marliiiic Miiili;! CIA. 

This inanhini' is iiiadi.' fur b!ir-.stiii;k cii|iiiritii*.s uf I's, 1 ''h, ‘- 'n. i n, und 3 ' a in. diain. 

turret-cam drum below on the main camshaft. The camshaft extends 
the full length of I he machine below the spiiiflles. The main tool.slidc 
is fed against a jiositive stoji to insure the accurate depth of cut of 
each tool. 

Threading or tapping may be done in either the secornl or third work 
position, or both. There are four indepenilently cam-oi)eratcd cross 
slides, one for each spindle, for forming, shaving, knurling, thread roll¬ 
ing and cutoff tools. 

There are two drums, each keyed to a traiisA'erse or cross shaft, 
directly underneath each botttnn cro.<s slidt*. Each drum has two sets 
of cams. Tlic two bottom cro.ss slides are operateil from one cam on 
each drum directly to a roller on the bottom of tlie slide. The other 
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cam nn oarli rlrum upcnites thi* twn upper slides tlirougli an independ¬ 
ent lever. 

The .si)eeds uf the tvvu caiiishal'ts, which are cuimeeted by spiral bevel 
gears, are variable tu accommodate the cutting and noneutting periods 
of the cycle. Bar feed occurs between the lower two si)indle.s during 
indexing. A di.sai)i)eariiig stop rises to stop the stock until the collet 
ia closed. Thi.s is a single-pulley-drive machine. S})inille sj)eed.s and 
tool feeds receive* llieir power from tliis common source. The frame 
and pan are of a linx form, witli a heavy top bracket to tie tlie gear 
section rigidly to the si)indle frame. 
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Fio. in. The S]niiiile Cjirrier of the Motlel OA (Iriilley AuloiiiMtip,. 

TIiIn shnwN till- rmir imiUi'I iiinl TimmI IuIu'.s itrraiiui'rl in tin* ciirriiT, 1'lir‘ striii Ls intncral with 
thi' Hiiiiiillt! iriirrii'r iiiiil i^ Krouinl iil tin* Haim* Hi'ttini: as (In* rarrirr-iifarinif snrfanu. Tin* un the 
riKht i?ml of tliif Hti'iii niiiH fri'i'ly fur ilriviiif; iiif:li-M|iiuMl ilrilliiiK altiii:liim;iitH. 


An arrangement of the four sjiindles of the carriei' is .'^liown in Fig. 
19. The recesses for the rollei' to provide tin* (ieneva motion for inrlex- 
ing the radial carrier and bar reel are shown on the riglit-hand face 
of the left bearing. Also see Fig. 22. The main toolslide is inounted 
on the spindle-carrier stem with bronze bushings. 

Typical examples of work done on the (Iridley 4-si)indle machine 
are shown and ilesi-ribi'd in Figs. 2U and 21. 

The Greenlee 4-spindle automatic screw machine, Fig. 23, has a 
central toolslidt' controlleil through rack and intermittent gearing 
instead of the usual ilrum cams. Adjustable dogs control the feeding 
length of the slide. The cross-forming slides, one for each .spindle, 
are controlled inilepeinleiitly by interchangeable cams. The cams can 
be changed rpiickly for different setups, and tliose of the four slides 
are interchangeable. 

The collet-closing wedges and stock-feeding rings on the end of the 
spindle are shown in Fig. 22 in relation to the operating drum and 
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riii. 20. Miirhiiiiiiti; ii Hub 
Sill'll fnr a Ilicyi'li* Wh(‘t!l 
2 *if 5 -iii. fliiini. liy 3’'‘'i2 bi. 
Lniin in ji Mndrl CiA 

(Iriilliiy 4-Spiiiillr Autinnatir 
Si'.rrw Machiin*. 

A >uir 2 >;i.i in. diani. uf Su|ipn*.iil 
BtRr*! iis nitutL'il ut XiA r|iiii, nr 
m.'i 'rill' iiiiii'liiiiiiii; Linn: ih 

11 NPf Pill'll, ijr a Krri.SH priMlurtinn of 
HK iif'r lir. TliP o|.i(Tutinn.s with 
liiicli niippil nti'pl t[j[ilH arp uh followH: 
Kiiiirtli I'oHitiun; RouKh-foriii front 
half witli pirpular form tiiol, fppil 
U.noill in.; drill with feed of 
U.IK)7ri in. 

Firot l’o.sitiun: UouKli-fiinii rear 
half with rireular form tool, fpiul 
fl.lllIM.I ill.; fai'P piid; drill 
iiipdiiiiii-Hizi'd hull* half dp|ith, 
oilholp drill, fppd ().()()7.a in. 

SiM'oiid Piif^ition; I'ini.sli-fnrin all 
i)vi*r with rimilar fiiriii tool: fppd 
n.IHllS ill.; fini,sh-drill iiipiliiiiii- 
Hizpd hull* with iiilhiili* drill. f(.*cd 

n.f)07o in. 

Third Po-Mitiun: Prill imiall hulc to 
dp|ith with uilholi* drill, fpnl 
ll.lH)7o in., and init off with feed of 
0.0019 in., and atrip work from 
drill. 


Pi(j. 21. .MarliiiiiiiK :i Sid Srrpw of S.\IC .X 1315 
StiMjl from J/8-in.-st|. Stork in a Criillry ll^-in.-(/a- 
parity, 4-Spinilli;, Automatic Surew Marhiiie. 

Tlip iiperutiona are iiidicatuil. 

ciiiiis. On tlio lower left is seen the iloiible- 
cnil iuilexinp: iinn. tlie roller of which cn- 
KiiKCS the rnilitil slots on the enil of the 
siiintlle ctirrier iinil jirovifles the Geneva 
motion in jicceleriiting Mini ileceleriiting the 
spinille cfirriii^e ihiriiif^ the inilexinj;. A 
thin cam at tlie lower left controls the 
lock-holt arm for unlocking and locking 
the sihndle carriage before and after index¬ 
ing. The gearbox is hnilt as a unit and is 
attaclieiJ (o the end of the frame. It con¬ 
tains the mechanisni controlling the sjiindle 
speed and feed changes, together witii the 
high- and low-sjieed clutches, safety clutch, 
and lubricant and coolant ])umps. 

Tooling cciuipmcnt features on the Green¬ 
lee include threading tools, and accelerateil 


reaming in eitlier or both the third and fourth positions and high¬ 


speed drilling attachment for any or all positions. Turning, drilling, 
boring, skiving, shaving, and knurling attachments, and toolholders 
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for tlie varietl assortment of operations are carried as stock equip¬ 
ment. Additional auxiliary toolslides can be mounted on the top of 



Courttay Greenlee Brothers and Co. 

Fin. 22. lliiinr Vi(?w of tVio Spiiiillc End of the? Griuiiilre 4-Spiiidli3 Autoiiiaitir* 
Showing Uio Slouk Food and (yollot Oponiting Cam Drum. 

the spiinlle rarrier housing; for yicrforniing operations at eitlier or l)oth 
the seeond anil third spindle positions. End-working tools can be 
used in all sjiindle jiositions. 



Fig. 23. A Sidu]) for Making Disk Wheel Nuts for Autoniohiles in the CreenleR 
4-Spindle Autoiiuitii; Miiidiine. 

Tlir relntirm of llit^ fniir r!ri.ii!iH iiliilrt* iinil tho Rpntrul toolHliiiE? with ri;spprt to thr four apindlRS is 
Till' first spiiiilli' po^ilinii is lii'low »t thp left, the si'i^ond abuvi; at the left, the third above 
at the riKht, and the fourth lieluw at tin* riKht. 

Figure 23 shows the tooling, front at left and rear at right, of a 
typical seliip on the Greenlee machine. Hexagonal bar stock is fed 
out far enough in tlie firsl turret jHisition at the lower left for the 
blanking of two nuts on each bar. One nut blank i.s rut off in the third 
and one in the fourth imsitioii, making two blanks at each indexing of 
tlie marhine. 
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A line diagram of a similar setup for making disk-wheel nut blanks 
un a 2i/4-in. 4-spindle Cone automatie is shown in Fig. 24, in wdiieh 
the tool sizes and speeds and feeds are given. In the 5-spindle auto¬ 
matic for small work, Fig. 25, the end loolslides ami cross slides arc 
operated independently by bell-crank levers running over disk cams 
located, resjDectively, on the camshafts at the right end of the bed and 



Fi(i. 21. The Tooling Setup in a 2K-in. USpiniile lor Pi rnlui'ing 

Disk WhiM'l Nuls for Autoinoliile.^ at tlie Hale ol Two Niils lor Jlarii Inilexing. 

Thp M|iinrllr‘ sikmmI is r|ini, i!;iviiiK it rutniiK Bpf'il iif OtH fpm. Tlii‘ timi* is l!l '2 t»r two 
|ii('f;r‘h, Kivinu: ii uross |inii.liii'tiiiii uf pi^r hr. 

Twij IiikIi MfiriMl iSti'fl i‘lii|j slri|i|H'r.s iiiiii ii liiKh-.s|ii‘L‘il ilrilliiiic uri‘ iinimI with tht> lirills 

ill thi> first iinil si'i'oiiil spiiiilli* piisilioiis. I'uriiiiiiK tiiiiLs 1 uiiil 2 lit srironil [Mj.sitioii iiri' sirt in IioMith 
un a 2-(leK udkIi*; no hiiIi; rnliof is rmiuireJ. 

underneath. Adjustments with gradiiation.'i on the hell-rrank levers 
permit control of travel for i*aeh tool. It i.^ a .’^iiigle-pulJey fU' iiiotiir- 
ilrive machine witli change gear.s to obtain any desired s|)et‘d tif a largf* 
ring gear with internal teeth wliieli in turn drives a gear on each 
spindle. This is a very fast machine for small work up tf) V?. in. 
round, Yja in. hexagonal, or % in. s(], hy 3 in. long, ami is alile to 
turn out (piite complicated [larts at the i\.le ui 1 rtr 2 si‘c each or le.ss. 
The regular machiue indexes in sec wilh a spimlle spec'il of 2,400 
rpin. The high-sj)eed machine with forced feed liibricMtion indexes in 
7r. ‘See and with a spindle speed of 3,643 r|)ni. These machines have 
a full range of speeds and feeils for either brass or steel. 

The machine ran be cqui]^ped with a fiftli cross sliile an>J various 
attachments for burring, countersinking, ami slotting the cutoff end 
of the work. When threads are cut, the work spindle is not stoppetl 
or reversed, but the spindle carrying the die or taj) is revoh'cd in the 
same direction as the work spindle at % the speed wlien running the 
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Kin. 25. Tln‘ DaviMiprirt Moili‘1 li AiitDiLiiitic Si‘ii*\\ Miirhiiii* 

\iT:niK>'il fni' Diivc with (hi* Mnlur LiM‘iil(*il uiiih*i iiuiith Ihi* Marhiin*. 

Till* 111riiiiKOiiuMit Ilf till* fuiii ctiiii*' (III a (‘um nirrm fin llu> foiii miss slulcs, anil of Ihi* fiii* ruinn 
III! Ilii'ii I'lLiii l•llllll■ls fill till* li\i* l•Illl liiiilsliili's IS'fliii\Mi toi:i'llii‘i uilli l•\tr!l scfs of l■|lllls anil spri'il- 
aiiil riTil-l'Iiiiiiiri' RNiis nil tin* tinni lliiri I'riiliiil iiili*is an l(ii.iti‘il alin\ i Mii* iiiui liiiu*, unil i'iiUiiik- 
Hiiiil iiiiii's an* liii‘ali*ii iii iiiisMinii fiii llii i.iiiiiiis viiiik s|iiii(lh*s. 


(lir (in 1(11(1 t(i hack it off. An cxaniph* of work dniu' on the 
5-sj)in(lli* Davcniiort jshown in Kif». 20. Fivi'- anil O-spindle auto¬ 
matic screw inachine> are nuide (|nite Minihir to tlie 4-si)indle (ii’idlcy. 
Witli 0 or more s|)indle>, production may he increased considerably by 
subdividing;: the longer operation^, such ii" deej) drilling, long turning, 
iind forming, (hi shn]ile work, two or three }ueres can be handled 
per index by cutting off in two or thna* po.>itions. 

A ty[iical jidi in making a caii scitw of cold-ndled SAE 1020 steel 


on the O-spiiidle inachiiie is 

as follows: 

SltUnlh 

C} n.s.s iS/ii/i s 

TfKihhfir {Turret) 

1. 


Fi'imI slni-k lo slop. 

2. 

Itini^h-fDrill hemi iiiiil 
hiiilv. 

in. on RouKli-Uiin hiilfway. 

3. 

Fini^'h-rDnii lii'ml and \4 
budy. 

in. on Hnupli-tiirn remainder. 

4. 


Ai*i*(‘lei;itr fini>li-turn entire length of 
hodv 

5. 

niTiik down for cutoff. 

Thiead with splf-npening die. 

6. 

Cutoff. 

Siippnrl wilh lni*4hing. 
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Fir.. 2(i. The Tools and Opeiations for MarhiniiiK Ihe Carhuretor .Jet Tubii Shown 
in the Drawing from Free-Culting Hras.s Hod on a 5-S])iiidlo Daviiiiport No. 2 
Autninatir Screw Machine at the liaU} of dll Pieces per hr. 

("arbon-stetfl drills art* iisffl ffir Hit- drillinK instead of hijch .sjipl-iI as they Heem to he about aa 

elKcient aa hiuh .siiml steel. " t'ircle C ” superhich speed is used fur funninK the uutside of the 
brass rod. TliLs is coils icier ml beat by the cuiii|jany, except where cemented carbide ia used, rarallin 
oil was used as a cutting fluid. 
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An B-spindle automatic screw machine is illustrated in Fig. 27. The 
spindle carrier indexes 45 deg each time. The cutoff time is shortened, 
so that the cutoff and bar feed occur during the normal operation of 
the other tools. Cutoff anti bar feed occur at the top front, station 1, 
for the 8-spindle setup, and at the bottom rear, station 5, for the twin- 
four setup. The twin-four setup has two identical sets of tools such as 
for two independent 4-s])indle machines. The bar stock may be fed 
the length of the ])iece at stations I anil 5, or it may be fed twice the 



I'm. 27. Till* (V)iii* p 4 -iii.-(<ii]miity S-Spimllr Autumatiu iSrrew Muchine. 

'CkiL* I’imlit HpiiullpH limy lu’ iimimI in .si'ltiiiK ii|i Fiir iukIiI. nmsecutive upemtictna fur compliciited jobs 
ur aa a twin-fimr iimL'Uinp fur liiali priHivu'liuu uf niiuple jubK. 


length plus the cutoff length, in which case the first set of tools 
machines a piece from the first half, and the second set of tools, placed 
forward, machines a jiicce from the second half. 

An 8-spiiulle oiieration illustrating deep drilling in successive steps 
is given in Fig. 28. Figure 29 shows accurate turning and funning 
being done in the Cone S-spinille machine. 

The Cone Automatic Machine Co. also manufactures 4- and 6- 
spindle vertical automatics, in which the spindles are horizontal but 
mounted vertically one above the other. These machines are used 
principally for cutting off work such as piston i)ins. Piston pins can 
be cut off from a l-in.-diani. solid shaft of SAE 1020 steel at the rate 
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Courtesy Cone Automatir Afarhine Co. 
FitJ. 28. 


Courtesy J. C. Auslertterry's Sims. 

Fji;. 2!). 


28. A Del^p Drilling Job Boiiig Ppifornifil on fi Ijfj-iii. ('ii])tiiily li^Spiiiilh* 
Cone Automatic Screw Mai'liiiie. 

'I'lie inatitrial for n HpcudoniBtRr drivinR Knar is ii 0.3.5 ppr cnnt narboii mIpbI. Tin- Mpinrlli; niibmI ih 
‘ ifMi rpiu, civiiiK a cuttine spuBtl nf 05 f|jin. THr time per piene. is 17 hrr. 

Fiu. 2B. A Complicated Forming Job being Performerl on a 1 J^'-in. CHpiirily 
8-Spindle Cone Automatic Screw Machine. 

The material of the HtocriiiK-arin ball is IJfia-in. hot-riilled round stflel fi.M.C. No, 3135-A. The 
spindle speed is 316 rpm, niviiiK a ruttiiiK spi'inl of B5 fpin. The machining time per piece is 11.0 
Bee, giving a griiss production of 31(J pieces per hr. 


of 1,800 per hr on the 4-spindle machine. These machines are pri¬ 
marily for cutting off on all spindles, but they arc so arranged that 
light forming, chamfering, and drilling may be done. 

Stock magazines are often used on automatic .sitcw macliines to 
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hold an aiM-uiiiulation ol slui-k to hu presi'iiliMl lo thu rolk'ts for machin¬ 
ing. Soiiii* hold long bars; others hold short shafts, forgings, castings, 
or parts which have been machinefl froin bars in a previous operation 
anil require a second on the cutoff end. The work is usually forced 
into the open collet through the .si)indle, or from the front against a 
coil spring or other mechanical device which ejects it when the collet 
is opened after machining. Sometimes positive meclianical knockout 
devices are used. 

There are several types of magazines. All are designed to enable 
one oi)erator to care for more than one machine at a time by keej)ing 
the magazine.s filleil with rough stock, which is fed automatically to 
the spindle as reijuireil. The rod magazine is used to replenish long 
bars in the .^pirnlle of the singlc-sj)iiidle automatic. A vertical hopper 
is used for holding short sliafts to he fed through the spindle or to be 
imserfed into the colhit from the front. The chute, of either the tilting 
iyj)e or stationary type, Fig. 9, is used so thai parts stored in it arc 
fed by gravity to a loader which carries them to the spindle. The 
rotary spring-clip magazine consists id' a drum or ili.sk mounted on 
a special shaft which cai'i ies on its j)eripln‘!y a series of spring clamps 
which hold tlii^ work until it is gri|)jMM| by a transferring tool in the 
turret and tran.^porled to the chuck for the first operation. The 
operator keeps the spring clips filleil with work, .such as bolts and 
piston ])ins, requiring a second nj)eration. Tlie drum is indexed to 
bring the work opposite tlie loader. 

The rotary magazine consists of a drum arranged to hold many 
parts in its pi'iiphery. It operates similarly lo the rotary spriiig-cli]) 
magazine. In the rotary tilting magazine, the part to he inserted 
in the spindle is moved to the work loader. After tlie i^art is removed 
I'roin the magiiziiie, tlie latter swings u])ward out of tlie way of the 
woikiiig tool. 'Phe rotary chain conveyor also is ein])h)yi‘d to carry 
a number of parts which are laid in recesses on the top of the chain. 
Tiie cliaiii advances, carrying the work to the loader at the proper 
time. 

The centerboard hopper is placed on the top of tlie machine. It 
is used for jiarts Inning heads. The centerboard oscillates vertically 
in the hopper filled with parts, to cause the jiarts to fall into an 
inedined ehiite which leads the work by gravity to the spindle loader. 
The chute .suiiports tlie inirls under the head so that they are all pre¬ 
sented to the loader in the same |uisition. Fig. X-31. 

Single- versus Multiple-Spindle Automatic Screw Machines 

Cost and accuracy of the finished part arc the two chief elements 
which enter into consideration as to whether a single- nr multiple- 
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ripiiidk' luachinu should be used for a certain job. The element of cost 
inrluilei^ seLu]) time, tool cost, and operating cost. Operating cost 
includes direct material of which the product is iiiaile, direct labor, 
and overhead. The overliead includes cost of floor space, investment 
in machines, taxes, deiireciation, upkeep, cost of tools, and power input. 
These items are usually larger for the multiple-si)iiulle than for the 
single-spindle machine. Costs arc usually reduced to an hourly basis 
of operation. 

The cost of the tooling equipment and setting-uj) time for jiroduc- 
ing a part is of great iiiiportanee and should be ke])! to a minimum, 
particularly when tin' quantity involved is small. Parts in small quan¬ 
tities can be made cheaiier on a hand-operated screw machine or a 
single-spiiulle automatic than on a multii)le-s])indle machine bi'canse 
of the higher cost, s])ecial tools naiuirerl, and the gri'atej’ time iieees.sary 
to set up and ailjust them in the more complicaleil machines. Thi'se 
costs art' of less im})ortancc wht'n a very largt' niimher of jtarts is jiro- 
fluced, as the high tooling cost retpiired to i)roduce a pai t in the shortest 
time heconies almost negligible when pmrated over a great quantity. 
Quantity of |)roduetion is in itself no eonehisive crili'rion to inilicate 
a single- oi' mullii)le-sj)iridle aiilomatic maeliini'. Short runs in^'olviIlg 
small quantities eall for a niachinc which can be set up rpiickly with 
inexpensive puds. Large quantities, requiring four days or Jiiure, 
iiulieate tlie multij)k'-spindle tyi)e of niaehine. 

The material cost of each part will l)e the same whether macliines 
having one or more spindles are used, as hnig as the same material is 
user!. The si)indh' carrying the bar stoek in the singh'-sjiinrlle ina- 
cliine may be drivin directly by a belt on a pulley, wheieas the several 
spindles of a mnltii)le-spindle inaehine are driA i'ii by gears from a 
central spindle. Tlu' direel belt drive iiermils gii'ater rotating speeds, 
anil, therefore, it is good jiraetice in many eases to substitute brass fur 
the usual cold-finished steel screw.<tock, in onler to take* advantage of 
llu' mill'll higher cutting speeds jiermissible Avith fn'e-ciitting but more 
exjK'usiA'e brass. For small work of either steel oi' brass, the j)roper 
rutting speeds are more easily obtained in the single-sinndle maehiiu'. 

Direct-labor cost is a i)oor basis for maehini' selection because of 
its insignificant value when reduced to a singh' piece. In any case, the 
ojAerator could attend several machines, ami llu' greater production in 
pieces of the imiltiple-sjiindh' grouj) might require more labor in at¬ 
tending the machines which are complicated or require irisjiection of 
a greater pereentage of parts. 

Miiltiple-sjnndle .maciiine.s, in general, are su|)eriur as far as tlu' 
rate of production is eonccrneil, a.s all tools are operating simultane¬ 
ously and the cutting time for each station is the time of the longest 
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single Tims, for long turning or deep drilling, or when there is 

considerable material to be removed by forming tools, etc., the tiiiu- 
can be redueed to one-half or one-thirrl by doing part at one position 
and the balance at another. In drilling a hole 3 in. deep in a 4-spindle 
machine, the hole could be drilled to 1-iii. (lei)tli at the first position 
of the spinille, to 2 in. at the second, and to 3 in. at the third, each 
of the three drills cutting 1 in. and then being vvithflrawn to clean out 
the chips. The total drilling time is, therefore, the time required to 
drill 1 in. This i)roeess also prolongs the life of the ilrilhs. 

In the single-sj)inille machine, the rotating spindle is stationary, 
while the tools held in the turret are indexed to be brought successively 
into ai*tion against tlie work. Tiie weight of the turret and tools is 
little, so the indexing is aceoiiiplisluMl with great rapiility. If the 
turnd has six faer-s or iiositions eacli witli a tool, then for eaeh i)art 
proiluei'd there will he six indexings. In the multiple-spindle machine, 
the tools do not index, hut the spindle carrier and the bar-stoek reel 
do. This involves a great weight to aecelcrate and retanl, so the 
motion is somewhat slower. A part is completed, however, at eaeh 
indexing. 

The single-spindle maeliine is crerlited witli more accurate work 
than the multiple. There are many more iin^ving parts in the multii)le- 
spindle maeliiiu', eaeh lit aclmilting some c*rror. It is diflieult to seeiin* 
aeiairate index-s|)aring in the work head of the multiple-siiindle ma¬ 
chine beeanse of the* meehanie:il diHiculties of const meting a maeliine 
having several jiarallel work-spiinlles which are eiiually sjihcimI and 
equidistant from the axis id' the s|)indh‘ carrier. 

An oiierator of a large screw product company Inus suiumarized the 
clniracteristics of single-spindle and multiple-spindle machines of vari¬ 
ous types as viewed from the operating and setting-n|) standpoint, as 
follows: 

1. The Urnwn nnd Slmriir siii|rip-s)iiiiille :iiitif hiis the highest siunille 
speeds iiv'ailabte anil pimlin es \i'iy ai'ciirati' lairls. 'Die six liinel piisiliens ari' 
an advantage. Ttie rams and limls ai-e relatively expiaisive. 

3. The Ch'velnnd siiigle-s]iiiidl(' aiiliuiiatif is gmiil fur shin t niiis hy means of 
stand,'inl eainining and i liaiigiiig dogs. Tooling is relati\'r'1y ini'X|iensivi'. Setup 
time is short. Siiiinlle sjiei'ds are not liigli t'lnmgh for lir.isswork. 

3. Four-spindle mai'liint's, .surli as tin' Afini’, C^rne, Clrr'enh'e. and (iridley. havi‘ 
relatively low sjondle siiei'ds. Tlu'y are niggiMl ami good for hi'avy euts. Fairly 
qiiifk s(*lup time for sini]ile jobs. Ks|MM'ially ili'sirablr' for jobs whi're the cut ran 
be split between sevc'isd posit imis, r)r for niiilti)>h' si'tups for simide work. 

4. Daveiiiiorl antomatif with 5 spindles. ExircMiiidy fust for brasswork, al¬ 
though .spindle .spia'd is lower than lluit of llie Brown anil Shanie. Rather rosily 
to tool, but has ipiiek srdiip timi’ for ri'peat jobs. \\\\\ imt stand heavy ruts and 
SO is better fm brass- than for steelwork. Quirk indexing lime is an advantage. 
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;V Othnr mulriplp-sjiitulle marhincs wilh more thiiii 4 .spinilles sluiiilil Lip seleflpd 
on ii hfisis of size, power, anti roiivniieiifp. Tor use parlipiilarly on nxtnanely 
iirodiiflion, fompliiatptl work, or wliere a Kieal ileal of inehil is lo he 
i i iiiox eil. 


II a firm is purchasing a small number nf machines for making its 
own parts, the sclectiun is an entirely different matter from that fur a 
shop engaged in the manufacture of screw jiroducts. For running 
medium-sized quantities, it is believed that, in the lung run, a small 
battery of single-spindle machines will be chcajier than multii)le- 
spindle macliincs. For the same number of items to be run the invest¬ 
ment ill col let s and fingers and in tools necessary on the mu]tii)le- 
spindle machines would be a great deal larger than that for the 
singie-s|nniile machines. Tins high investment and greater mainte¬ 
nances cost, combined with Llie tool items, would mnie than offset the 
lowered eost in iirodueiiig on multiple-spindle machines. 

Speeds and Feeds for Automatic Screw Machines 

Values for sjieeds and feeds for automatic scn^w-macliine work ran 
serve, at best, only as a general guirle for starting. Tliiw must be 
sple('t(‘(l to suit the type ami sizi' of inaeliines, tlie deptli of cut and 
feed, the material and size id' the work, and the number anil tyjies of 
tools to be used. Subseiiuent modifieations sliould be made liased upon 
s]U‘eilie Jesuits and general eonditioiis. ('titling sfieeils for a variety 
of materials and processes and for screw maidiines are given above. 

QUESTIONS 

1. What is llip prinripal liilTiMi'iin- hi*iwi‘i*ii an anlrimalii- lallip anil an aviln- 
iiialir siTPw inarhinp? 

2 . Why is thp auhiiuatir srrpw iiiarhiiip fallnrl aiitniiiatir ” ami Hip aiiloinal ii* 
lallip [•allpil “ .SPiiiiMiilniiialii* 

3. Explain thp ililTpiriin* hplwppii an aiiinmalir loolsliilp lathn anil an aiiiiK 
malir linrct lallip. 

4. What arc smiii* uf tin; .spprial-iuiriHii^p spiiiiaiil iiiiiatic' lallips? 

5. Exjdain thn difTrrpni'p in imipxiii^ in thi> .'<incli‘-s|iinillp aiitnmatir* .screw 
inailpiic and the multiplp-^jiinillp iiiariiinp. 

6. What is the (ipneva iiintiun? Kxjdain il.s ailvani 

7. How arc midliplp-siiinillc aiiinmalir marhiiips .suppiior In the .sinjslp-.spinillp 
inai-hinps when eonsidcraljle mclal is to be remuvi*il, as in rlpnp ilrillinic nr Innjr 
tiii’iiinp? 

B. Wliat types of nittinR fluids are bn.st for aiiloinatir srrpw-marhinp work? 

9. Explain the iliffprenre in prinriplc of ojinralinn of the sinKh‘-.Hi)indle Brown 
and Sharpe automatic serew mardiiiie and the Gorton Swiss type. 

10. Exfdain why the 5-spindle Davenport autrjrnatir has grealer produrtive 
cajiafity than the Brown and Sharpe automatic with a 6-position lurri't. 
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CHAPTER XIII 


BROACHING 

DEFINITION 

Broaching consists of machining surfaces by drawing or pushing 
entirely ])ast the surface one or more cutters, calleil broaclu's, liaving 
a seiies of cutting teeth. The teeth of the broach increase in height 
from one end to tlie other. The first teeth are low oj‘ short so as to 
])ermit the small end of the broach to enter the hole in internal broach¬ 
ing, nr [lass over the surface in external broaching before engaging the 
surface. The first and intermediate teeth remove most of the melal; 
the last few teeth finish the hole or surface to size. 

APPLICATION OF BROACHING 

!Many jobs formerly considered practical only for milling arc being 
hroaclieil In gnaiti'r accuracy at a higher rate of production. One 
iiilvantage in broaching is that the cutting force of the hroaeii often 
serves to elaiiii) the jiart. ^lany broaching operations are comj)leled 
in tlie time ordinarily tak(‘ii to elaini) the ])ii'ee. liroaehing is superior 
to reaming because the broach will liolil its size for a much longer 
perioil of time, thus insuring greater accuracy. Other advantages arc 
the good finish, great speed of production, int(‘rchaiigeability of the 
work, and adaiUability of tlie broach to produce irregularly shaped 
holes or forms. The broach will inachini* many more jiieces jier grind 
than any other type of cutler, owing to !he great number of teeth. 
Kach individual tooth works for only a sliorl iierioil of time per piece 
as the total dejith of cut is fo nportioned over the total number of teeth. 

BROACHING MACHINES 

Broaching machines may be classified as: 

1. Manually nr power opera led. 4. 8ingle or inulliple pull head. 

2. Horizonlal or vLMtical. 5. Moving or slalionary cutter. 

3. Pull. push, or conlinunus. 6. Mnchaiiiial or hydraulic ilrive. 

Manually operated machines, Fig. lA, are sometimes used for 
broaching in job or repair .shops for light work. The power-driven 
machines are usually quick acting with a ram, or drawbar to which 
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tilt; broach is attached in the pull-type machines, driven by crank, 
rack and j)inion, screw, or hydraulically. 

Push broacliing, Fig. LI, is usually performetl with short broaclies, 
Fig. 17^, on the vertical-type machine. Pull or draw broaching is 
perfrtrmed on either the horizontal or vertical type of iiiachiiie. The 
broach during the cut may be stationary and tlie work carried past 
on a chain conveyor, Fig. 3, or on a traveling table. 



CourfPff// Threadwdl Tap and Die Co. 

FifJ. lA. A Hiiiiill Bench, Riitchi?t-DrivL*ii .Arbiir Pres.s of 1 ti» 40 PresHure Ratio, 
Ufkid in CuttiiiK ii Ivnywiiy in ii (Jear with a Push-Type Key way Broach. 


Horizontal Broaching Machines 

In an early liorizonial-tyi^e broaching machine, a buttress pulling 
screw was used. The h•^'er conlrolled the belt shifter manually so 
that the pulling screw could be sioj)ped. started, oi‘ reversed at any 
time. Locking collars were placed on a control sliaft at the side of 
the screw to ojierate the belt shifter at the limiting ends of the stroke. 
The motion of the jnilling screw was reversed at each end of the 
stroke. The return stroke was at high speeil when the driving belt 
was transferreil onto the reversing j)ulley which drove tlie screw nut 
through planetary gears. 

The horizontal, hydraulic-feed broaching machine, Fig. 2, is 




Fir. IB. ThiL‘c Push Brnanhi's nf ^fo, and M-in. Width and Xiiii; Bu.shinKS fnim 
Fi ti) 1 y^-in. diain. for thi; .lob-SliRp BroachiiiK nf Kfvways in Mi.scL*lljiiii*fms PartH. 


fi;par brnai’hin^j; iiiiu'liiiii' at full hiad ami full .«j)peil is 90 per cent. 
On loads below maxiiniiin capacity, power is used eorresitoiiding to the 
load only. 

The control mechanism is centered in a hand lever and a foot pedal 
at the operator’s station. Either the lever or foot pedal starts or 
reverses the ram at the end of the stroke. The ram can be st(jppcd at 
any point in its stroke by the hand lever. By using the font pedal to 
start and rever.se the ram, both hands of the operator are free to serve 
the machine and work. Automatic stops can be set on the horizontal 
control bar over the pull head to control the length of the stroke. On 
the standard machines, the pull head stops at each end of the stroke 
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and must hv startud again by the operator. By a simple ehange in the 
cams, the machine will automatically reverse the travel of the broach 
at the end of its stroke. The pull head, which connects the piston rod 
to the broach, is adjustable vertically by the small hanrlwheel so that 
the broach may be centered with the work or broach bushing. When 
heavy broaches are handled, a sliding broach support not sliown is 
attached to the right end of the machine to speed up i)roduction by 
simplifying the haiulling of the broach and rcflucing fatigue of the 
operator. The chip pan is seen under the work to catch the chij)s and 



VtnirlvHif Thv Vn. 


I'"in. 2. The Oilgeiir Nn. 4 StMiiiiarfl Hiirizriiihil Brnachiiig M.-icliiiii* " ith 

Speeiiil (/iit U’T Bar anil Iiulex ]''i.\hire fur Bri)aeliiiig Sipiare Holes in .law ('liilehes. 

Till* hull* is liiiri'il til 47m in. ilium, ami In 4 '4 in. sr]. in imkIiI ilniws, twn liniw.s fnr i‘arli 

rnrni'r. Tin- tlin-i' [■lulrlii'.s mi Mu'! Iinx show tlii^ iisirl us Imml niiiinl, Hal liniiii-liiMl liy tin; I'ulliT in 
ilir marliimr, iinii r.iirin'r bruiirhi'il by tlih iMitlrr on Uii' box, rr‘s|ii>rlivi‘l\-. Proilnrlinn liini* on bruacli- 
iiiK nuicliiiu' is 23 iiiin iiurli. It [irL'i’iiiusly riMiuiml 3.li hr imu'Ii wIilmi iluim un a sliitli;r. 

cuUing fluid and return the latter to the reservoir in the base of the 
nuichine. In duplex machines having two sets of liroaches otu' oper¬ 
ator can loail and unload each fixture as the two eutters work alter¬ 
nately, one on the return while tlie other is pulling. 

Tlie continuous-type hroaehing iiiachine. Fig. il, consists of a hroach 
mounted horizontally with an endles:^ chain un which are mounted fix¬ 
tures that carry the work through the eul below the hroach. These 
fixtures in most eases are self-clamping anil unclaiii|i automatically at 
the end of the cut so that the jiiece drops out and down the chute at 
the left end. A limit switch bracket is mounted just above the fixtures 
at the point where the fixtures enter the broach. If the part should be 
tilted or improperly loaded in the fixture, the switch stops the machine 
instantly. Any number of fixtures can be mount oil on the chain, and 
the usual limiting factor of production is the ability of the operator to 
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luad the pieces in the fixtures as they pass before him. For broaching 
small parts in large quantities, rotary continuous surface machines are 
used (American Machinist^ Jan. 3, 1934, p. 27). 



{JuurlfMu Fmlr-H\irt ('n. 

I’lij. 3. A Ciuitiiiuijus-Typi? Surfiicu-HrotiuliiiiB Machine. 

Till* lixUiri'M rarryiiiK tlii^ wurk urn iiiuunti'Ll mi tin* r-liain. Thr first fixtiin* friuii tin* riKlit 

is iMiiiily; Oil* si-ijunil iirirl tliinl are luaileil. Thi* iliiiin is ilriviMi ut any iliwiruble Hiintiil liy a lUiiUir 
luuuiiteil ijii tliL* rear left which ilrives thruiiKli NpeL'il-reJiictimi ami ehaiiKC iseara. 


Vertical Broaching Machines 

A small vertical hydraulic-feed press which may be used for push 
brnacliing, pressing, assembly pressing, and arbor press work is illus¬ 
trated in Fig. 4. The ram is normally in the upper position, but is 
forced downward by stepping on the foot ])edal or by the hand lever. 
Immediately uptiii the release of either the lever or the foot pedal the 
ram automatically returns to the top position. The base of the 
column holds 17 gal of a medium grade of cylinder oil which is pumpefl 
at a maximum capacity of 640 psi to tlie cylinder. Oil is delivered to 
the full area of the piston for the downward stroke, and on the bottom 
for the return stroke which is made at approximately 33 per cent 
increase in speed over the downward .stroke. The pump is of the 
constant-delivery, continuous-flow type, and the ram is controlled by 
means of a balanced piston valve located just back of the cylinder. 
A relief valve can be set so that any maximum pressure desired can 
be obtained. AVith the pump drive shaft operating at 1,200 rpm the 
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ram opiTalps at 29 fpni down and 38 fpni ri'versc. Other speeds arc 
nbtained by changinK the flow rnntrnl valve. 


r ■ .. ■■■3; 



Courtesj/ Amrriran Bn arh and Marhinc Co. 


FiiJ. 4. ’’riic* Typi* V-1, 2-Tnii Vrrlirjil Piish-Brii:ip1niig Truss. 

Tlii() niarhiiii* is iip[>rHti>il liy ii -'l-lip l,2IH)-rpiii iiiutnr hi ii niiiistnnl-ilLilivpry nil pump ili>livi;rinK up 
til Ii4n psi iiiiix. tus ri'iiil un fiiii-lypi* pmssiire icuicu. Niinniil wnrkiiii; i;upaniry, 2 tLiiis; iiiuxiiiiuiii, 
4 Ions. Muximiiiii strnki;, 14 in. 


A crank type of keyseater, designed esperially for cutting key ways 
in the hubs of pulleys, gears, etc., as a job-slioj) operation, contains a 
crank gear and crosshead for iuiparting a vertical reciprocating motion 
to the saw-type cutter bar. Fig. 5. The cutter is swung in a vertical 
plane to provide the horizontal feeding movement against the work. 
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Fuj. 5 I'll'- 


I'llJ. .0. '^riu> Davis CVailk-Tyjir Jl»b-Shi»p Kpysi'allT. {('fiurtfHH Damn Kfum-ntn- fu.) 

Tim .Hiiw-tiiiith riittcr is furciMl by liMiiil t.lirouicli tin* Irvur Huaiiist thi; work on i'nrli vrrlii^ul slrukH. 
Tlir iviirk is siipiiijrtRcl nboiit thi* nittRr uKiiinst tlii' iiiljiistubh! V-shaimil lii)liJi?r or by 

I’ll!. 6. Thr OilKivir CvDiiipaiiy lO-Tiiii, 2-Coluiiin, Vurlinal Aiitniiialic I’ush-Bniacli- 
iiiK I’rrsM, liiiuipprd with Brnanhinjs Tnnl and .Aulinnalic* IndrxiiiK Fixturi* for Sur- 
fiirc broaching thr Ends of Iho Spokes of (/asl-Slcel or Malleahli; Cast-Iron W1 iol*1s. 

I'bp prcHH is atiirtr.il by trippiiic u liainl Ipvpt at tin* ri}£lil, iiiiil it riniinlrtns k rynlp rif six atriiki'H, 
briiiirhiiig nnc npiikR on carh striiki*. Hiiil stnppiiiK aiilnmsilir-ttlly ut Mii* tup nf tlii! la^t stroke. Thr* 
"heel in the fixture ia inrlexed luitriiiiatir.ully when the bniiieh rRHidiEW tliF> bjp nf eurh stroke. The 
fllicmtiriR little rciiuired to hruach a (i-apokc viheel in Hppruxiinatcly 9o ml‘C, exclusive of luudini; and 
unlnading time. 

The cutter is backed up by the horizontal arm which also serves to 
feed it forward at each stroke. Cutters lor all sizes of standard key- 
ways are available. The cutters are sharpened by griiidin|j; the land. 

A vertical, two-column, hydraulic-feed, push-broaching machine 
set up with broach and fixture is shown in Fig. 6. Tlie variable- 
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delivery OilRcar pump, driven by a constant-speed motor, is used to 
reriproeate the cutter. 

The Foote-Burt vertical duplex surface-broaching machine, 
equipped with cutters and WHjrk-holding fixtures, is showm in Fig. 7. 
A close view of the fixtures and cutters for surface broaching auto¬ 
mobile connecting rods is showm in Fig. 8. The machine has two 



Courlts»\t Foaif-Burt Co. Courles]/ Foote-Burt Co. 


Fif!. 7. Till* No. 3 Vortical Duplex 
Siirraco-Hi'iiiinliiiiK Machine Set Up I nr 
Broacliiiii^ Ihe Unntaci I'aco and U:i- 
diu.s of ('OnnocliuK Hud.s and Caps. 

Thr vrrtiriilly mljuHliiiliU; mm un thu li^ft 
mliEi' Ilf Uii' bniHcli hUiIci in tliit vipiiiT nnc of two 
to rPVi'rMi* till' tmvL’l uf tho hHiIl' liy ruvi'.miiiB 
tlic iiitiUir. 


Fiu. 8. A Close-Up of Fixtures and 
Broaches of Fig. 7. 

Holt lioHHivs Oil liotli Huli'Ji of tin; ronnKrting 
mil iiro liiMTiK Kiii.slir(i in one rut. Tlip two .spts 
of lirijui'lios mill lixturm an* oxurtly aliki;. One 
lixtiiri; is swuna oiii!n whili; tin; work in the 
otliiT fixture i.s tiring hroarlied on the down- 
.struke of tin; riittcr elide. 


broach slides whieh counlerhahmce each other as they are joined 
together with a helical driving pinion engaging the helical rack on the 
inner edge of caidi slide. When one slide is driving down in cutting, 
the other is automatically returned. The speed id' the machine is lim¬ 
ited only by the ability of the operator (o load and unload the fixtures. 
The range of eutting sjiecds averages from 3 to 40 

The vertical broaching machine. Fig. 9, goes through a complete 
cycle automatically as follows: The work is pliieed on the table 30 in. 
from the fhior in fixtures to eeiilralize roughly the work under the 
broaehes. The starting foot jiedal is deiiressed. The broaches, sup- 
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ported at the upper end by the broach-handling cylinder in the upper 
position, now move down through the work and engage the lower end 
in mechanically locking pull heads underneath the table. The de¬ 
scending broaches accurately centralize the work. The table is moved 



Courleay The Oilgear Co. 


FiiJ. 9. The OilRear Cyclenuitic Verticiil Hyilr.'uilie-FiMMl Breaching Machine 
Fitted with Twii Circular I\ill BriiiirheH. 

Till* bronrhpR are riKiilly .spnirerl at brith ends while tlii; tahle uii wtiiuh the wrirk in planinl in eluvaUMl. 
Niirriial iJiillinK capai-ity is Jfi.lMK) lli. Tiiu olruke ih fruin 24 to 4B in. The eiittiiiK Npced ranKBN from 
18 to 32 fpiii, and a 20-hp motor iH iiHCtl. 


upward by two parallel hydraulic cylinders, one on each side of the 
table, drawing the work over the stationary broaches. At the top t)f 
the stroke, the upper locking sockets disengage the broaches and the 
table travels on until the work clears the cutter shanks. The broaches 
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nrn .smiriTl ai. bntli ends over tin* critical part nf liic cut. As suuii as 
the briiachii's clear the work, an ejeclnr bar moves lorwarrl removing 
the work from tlie holding fixtures, usually forcing the work into a 
chute. The wnrkUil)le descends to the loailing i)osition and at the bot¬ 
tom of the stroke disengages the [)ull heads which holfl the low end 
of the broach. The broach-handling cylinder descends; the sockets 
engage the broaches and lift them to the starting |)osition so that the 
lower end is free aiirl well above the loading fixture. 

One, two, or three broaching tools can be used simultaneously, per¬ 
mitting rough anri finisli broaching at the same time, or multiple broach¬ 
ing for very large production. As the work jiasses ujiwarfl, the space 
betvreen each two broach teeth and the walls of the work fills with the 
cutting fluid whicli ct)ntinually floods the uiiper surface of the work, 
insuring cooling, lubrication, and removal of chijis. 

A broaching lathe has been developed by ^^’iI‘kes Bros, for rough 
ami finish turning, filleting, facing, and shouldering external cylindrical 
surfaces of various machine i)arts such as crankshafts. As the work 
shiwly rotates, the broaclu‘s moimtiMl on a vertical slide are forceil 
tang(‘ntially jiast the work. 

BROACHES (CUTTERS) 

Classification 

A br[)!ich may be classified in various ways, as: 

1. Pull, pirsli. Ill- .siatiiiiuiry. 

2. liilernal iir exti‘riial. 

3. Siiliil nr huilt up nf rnplai-cahlp srrlinna. 

4. Siiiijli'-purpn.sp ur I'uiiihinat inn. 

5. Knughing, sizing, nr Inirnisliing. 

Push broaches are usually shorter than pull broaches and must have 
a relatively low ratio td' length to cross section for sake of stiffness. 
Push l)roaches are emiiloyed ordinarily when* only a small amount of 
metal is to be removed. Where one long pull broach may fiiiisli a cut, 
a set of several short |)usli broaches may be retpiired to be used suc¬ 
cessively to remove the same amount of metal. C'omjiaratively short 
broaches are desirable and used where possible, as they are easier to 
make, harden, and lianille. Various j)usli-type broaclie.s for internal 
surfaces are sliown at A, (\ J, and A/, f'ig. 10. A large i)ush-tyi)c 
external-surface broach is shown being used in connection with a 
special fixture in Fig. 6. 

Pull broaches arc usually long and have many teeth. They are 
used to remove a considerable quantity of metal and ordinarily to 



Cnurleay Es-Crll-O Curp. 


Fiu. 10. A Gruup uf I’usli uiid Pull Bruacluis anil GagiiH Used in the 
Automotive Industry. 

The nainee and umcm uf ilie varitiUH liniarlie^ are i;ivcn in the text. 

finish LL surface witli une ijass. Pull broaches for internal surfaces are 
illustrated at 0, P, and R, Fig. 10. A pull broach for external surfaces 
is shown in Fig. 16. 

Jiriiaehes are maile in a wide variety of sizes ami shapes. A jjull 
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broach may be as small as 4V^ in. long and Vi in. diam., but a large 
solid pull broacli may be 6 ft in length and up to 5 or 6 in. in diam. 
Many large broaches are made of built-up sections to facilitate manu¬ 
facture, reduce trouble in heat treating, and permit replacement of 
worn-out sections. Rei)laceable shanks are now being provided by 
one manufacturer on broaches used in quantities. This reduces the 
length of the bruacli anil its cost, as one sliank will outwear many 
cutters. The class and use of each broach shown in Fig. 10 arc as 
follows: 


A. Two-spliiiG pusli hioai:Ii for ukr on any work whpre thn of hole to be 

broachi'd is Hhort or wIirir llin Hplines an* noi very deep. 

li. kSurfuec bromh seclinn.s, two for use on sliifler rod in Iransmissinn, and two 
fur broaeliing thri'e giooves. 

C. Rnunrl push hrmieli for wsv on short work in a press. The broae.h is designrMl 
HO thill, il can bi' si ripped Ihriiugh Ihi' work rni Ihe return st roke. 

D. Internal gear punt h for use in blinil holes where a brom h eannol be pulled 
idear Ihrough Ihe iiarl. Where this ty|>e is employed, the splines or teeth are first, 
drilleil in the parts so that not too iiuieh stork will have to be rcmoveil by the 
punrh. Ofti'ii a set of two or Lhree ]uinrh(‘s is rfM|uired. 

E. Mule sidine gage. 

F. I’l'iiiale spline gage. 

(j. Kour-spline push bioarh usimI to remove burrs only. 

//. External broarh si'ction for use on bmly of shork-absorber wing shaft.. 

7. Replaceable sizing .«hell for use on almost any type of round broarh where a 
small limit is allowed on tlu' part. 

J. Spline push broarh for broai^hing three small oil grooves in a part, of approxi¬ 
mately the same length as the front iiiliit. 

K. Spline gage. The lower f’nd is for rhei-king outside diameter, f/o and no ffo. 
The upper end is for rheeking wiillh of spline, gn and ntt f/o. 

L. Burring pull broaidi for reiiioving burrs. The solid splines serve as guides. 

A/. Hardened-gear inish broarh for use in removing srale from and sizing hard- 

eneil gears. 

N. Hound push broarh for any kind of job where a small amniinl of sloi'k is to 
be removed, and where tlie part is not too long. 

O. Serration [lull broarh for broaeliing serrations in a hole about I in. long in 
a steering-arm lever. 

P. Six-spline tiroarh. Hard-gear broarh for use in harilened gears for removing 
srales and burrs. 

II. Combination ten-spline broarh for removing burrs on the .spline and around 
the Imie in soft gears. 


Pull broaches are connected to the drawbar or ram of the broaching 
machine by means of a pulling head in one of several ways: 

1. A Ihreailed-end eonnection for permanent setup where the broach 
does not have to be removed for each pass, as in keyway cutting. A 
threaded-end connection into which a keyway broach is fitted is shown 
in the sectional view of Fig. 11. 
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2. A bushing with through key slot and key where the pull end of 
tlie broach has to be inserted through the work before broaching, as 
shown in Fig. 12. Broach 0, Fig. 10, has a shank for use with the 
kcy-Lype pull head. 

3. (Grooved or necked end automatically to engage the jaws of a 
broach pulling head. A 2-jaw spring-operated autt)iiiatic pulling head 



I'm. 11. A Section through the Pulling HcmiI of the llorizonlal, Pack-Type Pull- 
liroacliiiig Miichiiii: as Set I'p with a Threaded-End, Siugle-Keyway Prrtaeh. 


Thn wrirk ‘.i hits been plaRnrl river (lie siiiRle-keyway brinieli ami innuiitLnl lUi ihn wurk buMliine 2. 
Tile setup is .shnwii ruuily tu draw thi^ bmurh to the riKlil Ihruujuli the wurk. 


1. Keyway bruanb. 

2. Wtirk biishiiiK, whieh siippiirks the wurk. 
y. Steel blank tu bi‘ key-seuteil. 

4. Reduriiie hu-shiriR. 
it. hasp nf iiiachiiie. 

0. I'uce ur wurkine end uf the iriaehine. 

7. C'heck nut. 


R. Pull iMishinR. 

1). Pull liiisliiriR lurk nut. 
lU. Vertii-al ailjusliiiR head. 

11. Srrew fur inljiistinK. 

12. I^irk nut fur liirkiiiK adju.Mlirient. 

13. Prdl head. 


for broach shanks having two flats is illustrated in Fig. 13. In a 4-jaw' 
type of pulling head, the jaws are locked ur released by a sliding 
sleeve. Broaches having necked shanks. Fig. 14, are used in this tyjie 
of pulling head. 

Combination broaches arc designed to permit two types of cuts, 
such as size and burnish a hole, or size the hole and brfiacli internal 
gears or splines, in one pass of the broach. The internal gear broach. 
Fig. 14, is designed to finish the work from a hole drilled or reamed 
to the pilot size. The cutting time is about 20 sec. At the pull end 
of the broach arc a number of coarse-pitched roughing teeth for en¬ 
larging the hole, followed by a few fine-pitched finishing teeth for 
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.sizing lliP hole. The remsiindiT of the bnmrh is for rough anil finish 
brnarhing Hir true form of the internal inAmliitc teeth. The liinien- 



Fk;. 12. A Key Type i»f l*ull-Broiw.h Bushing. 

TIiih typn of piill-tirimnli hustling ih iMiniinmily iiNeil fur pulliiiK linmrhi's, hubIi us iiiiiltiplt-splino, 
Miiillil, uiitl si|iiur(', till* piilliiiK I'liils Ilf wliii'li Iiiivp Id Imi pus.sinl tliniilKli till* 0|)0iiiiiK of tin* work bi>rort‘ 
piilliiiK. Till' Ihri'uili'ii I'liii of tin* biiHliiiie i‘nKnKns tin* vi*rlir;al niljostinK huarl, purl; ID, I'ik. 11. Tin* 
kIhOimI i;iiiI.n of tin* pull liruiirlii's, shnwii at .-1, Fii'. 10. an* iiisi'.rti'il in tlio upriiiiiK of tlio bushing ami 
lu*l(l ill piNiitioii by tlio liiijsi*-fittiiiK Iraiisvnrsi; key. 



Cniir/rsj/ Cofopiiaf Broach Co. 


Fir. 13. A Jly-Speed .Vulimiiitic Hrosich PuIIlt. 

The two DppofU!^ keys ImrkiMl by sprinies in the puller body Jnip in the Hat grooves on the broach 
shank as it i.s inserted. Tin* broarh is turned 00 ieg to expand the keys to be rcmoveil. The threaded 
end enKuiices the adjiustable heail iih shown in Kig. 11. The piilling fuees of the groove in the broiich 
shank are undereut 'i de.g. 


sions fif these broaches are held to 0.0003 in. on the splines, outside 
diameter to 0.0001 in., and the aceuiimlated error in the spacing of 
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the teeth not to exceed 0.0002 in. The first section to finish tlie bore 
removes approximately 0.045 in. of stock. Because involute teeth on 
a shaft (and on the broach for producing*; the iiiatirifj; part) can be 
finished to very accurate shape and size on f^ear-finisliing or lapping 
iiiachiiies, they are being used increasingly fur spline sluift and running 
gear drives. 

Broaches may be made of one solid piece or of built-up sections. 
Small broaches usually are made from the solid. However, in large 






Cnurleny Cantinfiital Toot H'rirfcrt, OtViMon of 
KT-CfU-O Carp, 


Kii{. 1-1. .V C^tinhiiiiiliDii Pull-'r.vpc 
Broach for Intcriuil Involute (Iciir 
Tcctli, with Jill Eiiliirncil View of ihi* 
I'inisliiiig Eiul iil llir Loft. 

Till* lirsi pai’l oT llii‘ riMiKlis mill (iiUHhi'.s 

(III* roiiiiil Iniri' rriJMi ii ilrilirri hull*, HfiiJ llii’ 
Ni*i*iiiiil luirt liiii.KlifM till* m*Hr li‘i‘tli in iiiii* piiwis. 
'riii.s id a sliiiuliii'il iiivnliili* l.mitli furiii iif 7 
iliiiiiiotriil pit I'll, l2(l-ili‘u pri‘.*i.xiiri' iiiikIi*. 21 
3.000-iii, piti'lk iliiiiit., iiiilsiili* [liiiiii., 

mill 2.7112-111. ri>i)( iliuni. 'I'lii' (‘unliil Miirk- 

ii(‘s.s Ilf (III* liMilli id 11.22-12 ill. II..S iiii'itsunMl witli 
u (EKiii'-tiiiitli V'ltmin- srl. tii :i ilL'ptli uf 0.Ili[|4 in. 


jjroduction where extreme aeeiiracy is reriuired in round broaches, 
replaceable shells may be used, as illustrated in Fig. 10. T.arge surface 
rulters, Fig. 6, may be built uj) of replaceable sectimi.s. These secliorrs 
are iiiuunterl in a heavy solid-back broach holder which .slides in a 
fixlure or which is bolted directly to tin* slide in Fig. 8. This latter 
30-in.-long broach is coni])osed of five sections, each section being 6 in. 
long. Tlie face of each tooth is groiiiul for sharpening, and after 
several grinds is undersize so only the lower section or roughing teeth 
arc discarded, the remaining sections moved down, and a new section 
put in at the top as a finisher. This method |)rovifles an entirely new 
broach by supplying a single section at very low cost. 

In order that the inner bore being broached may be concentric with 
the outer surface, such as the spline or gear teeth, drift bearings or 
intermediate pilots, sizing shells, and finishing teeth are useil. 

Ihere are two general types of broaches for surface machining. 
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internal anrl external. Internal broaches arc of either the push or 
pull tyi)e. Broaches of this type are now being used to produce single 
and iiiLiltiplc keyways for permanent fit to slide under no load, or to 
slide unrler load; round, square, rectangular, hexagonal, T-shaped, and 
various other shaped holes such as serrations and internal gears. In 
the majority of cases, only a single bushing is required for this internal 
work as the broach follows the hole through the work and does not 
need to be guided by a holding fixture. For some accurate work, 
rough broaching is done before hardening, and light finish broaching 



Fin. 15. A Fixtun^ anrl Brrmrh fnr BriKinhiiii; IIiMical Splines. 

TIib ilnii»-riirKi*(l Him?! umir lilmik bciriK linuinlirtl rests aciiiiist On* fixtiirn by Hu* imlliiiK iicbrin uf the 
DiiOrr. Till* Jii‘lic!il bniiirli is fiirrpil In rnlati* iiiisitivoly by lliriM* mllers nf tbi* fixliin? wliii'Ji enKiiKe 
lirliriil ill Mil- briiiir-li. Hnil's iiiiiili* in this \vu.v uuri bo holil tu loss tliuii O.IKJO') in. in -sizr. und 

mull'll Ibo sizr nl ilio bmui'b bir iioeiirury anil liolix. 

and sometimes burnishing are done after hardening. The broach M 
in Fig. 10 is of this type. Helical splines are liroacheil, using a roller- 
guide fixture, Fig. 15, by rotating the cutter as it is pulled through 
the work by means of a master leail screw, or by allowing the ludieal 
teeth nf the hroach to rotate the broach as it is judled by a hall-hearing 
inilling head. 

Surface or external broaching is being used on many kinds nf plain 
and irregular surfaces. This field is becoming very broad and covers 
work such as broaching the square surfaces on the driving ends of 
shafts, openings on the ends of .solid wrenches, notches on transmission 
shifter rails, serrateii surfaces on pipe wrenches and pliers, teeth on 
automohile steering-arm levers, and similar work. Suitable holding 
fixUwes must be used with external broaches for holding the part rigidly 
in position with respect to the broach during the operation. In design- 
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iiij: fixtures. ])ruvisif)ii often can be made tn take a range nf brnaclies 
111 do different operations on the same part. In some instances, sev¬ 
eral pieces can be finished at each pass of the broach, thereby greatly 
increasing the production, Fig. 16. 



Fin. 16. The Cutters and Fixtures for Broaching a Malleable Cast-Iron Shiering- 
Colunin Support on a Duplex Horizontal-Type Machiue. 

At till* rifclit. till* si'rratHil urnnvnR an; hi'iiig nut with a surfan* hrniirli. Tin* part in ilirn iniivt'il (.ti 
ilii* sliiiwn nil tliL* left, whi;ri.* Uii* doiiKatiuI hull*. crjiiMiatinie nf (\vr» half rin-li-s nnincrti'il with twu 

Hills, is hniiii^lierl, after whii'h thi; part is iiiovail to ihi* l[*ft siili* uf thi* inurliiTii*, wliari; tin; twii Hat 
IJiirtiiiiis an; riMiiuveil .su that thB sppar.atiHl nap is carefully shapiMl tu hi Ihi'; hotly part. 


Broach Material, Heat Treatment, and Grinding 

Brourhes are made from several grade.‘? of tool steel. For light work 
in small f|nantities, regular carbon tool steel or rarbnn-vanailiiim tool 
steel is used. A finishing steel commonly is used for small-lot heavy- 
duty work. For high-production or hcavy-iluty jobs, high speeil steel 
is used. For difficult operations, particularly on abrasive noninetiillic 
materials, such as hard rubber and phenol resinoitls, the broaeli teeth 
may be tipped with sintered carbide. 

One of the most iiiifiortant operations in the inaniifaeture of a broach 
is its heat treatment and subsef|uent finisliing by griniling. On long 
pieces of steel, there is a tendeney for tlie lool to distort during heat 
treatment. Vertical electrically controlled furnaces with controlled 
atini)Sf)heres have been develojied fur rerlucing distortion and non¬ 
uniformity to a miniiiiuju. Short broaches, as a rule, are heat treated 
in a horizontal tyjie of furnace. 

High speed steel broaches of more than average length usually are 
air quenched, to avoid excessive warpage, in a cage farmed of four 
long perforated pipes, the hot broach being hung in the center between 





462 


BROACHING 


tlu'iii unrl subjocird to an air blast thrniiKh perforations in the pipe 
from an air ])ri\ssiire of 100 psi. 

Grinders for finishing anti sharpening broaches after heat treatment 
have been fJeveJnjierl so tliat extremely close limits are maintained on 
commercial broaches. Hroaches for internal work have lapped centers 
on which they are supported for grinding. A cylindrical grinder, 


W 



Jk 


' I 

CiturtPMjf The Lapointe jMarhine Tool Co. 

Piu. 17. A Piiivt'rs/il Hroacli-SluirpiMiiiiK Manhiiic Di^sigiicii fi)r ShtirpciiiiLf^ All 

Kiiiiis fif HrtKinlins. 

Till* iiiiixiinuiii li‘nictli In’twePii ceriti'ns in (ill in. ll i.s ivrrunuiMl fur ii iiintiir fur ilrivinK tlip 

^-hiM'l HpiiiillL' mill a mulur fur ilriviii^ llii> lii‘ml.stui-k. Tlip ^laiiilanl niinsi.si.s nf 

0111* U-iii.-iliuiii. riip whpi;! mill uiii* li-in.-iliaiii. ili-sh w'Iiih‘ 1 , iitii* 4 -in. 4 -jaw inrl[*|ii‘iiilL>nl phiirk niniiiitril, 
anil ri'iitpro. Tin* Ni>lup illuNlrufpN ii ilisli wliri'l lu'iiiK ilsimI hi ^riiiil tin* fuiM* of llii* tni'th uf ii MiziiiK 
Hpliiii* lirum!li. 'I'lip wlipol Mpiinllp m iinivi'i>al in tliiit il iiiity lie .si>t al. any alible in ii verliDiil iir hiiri- 
ZUIltuI |ll|illl*. 


either stantlard or special purpose, as shown in Fig. 17, is used to 
grind the outside diameter, the face, the fillet, and the back of the 
teeth, and the relief in siirees.sive iio.^itions of the wheel. Notches, 
splines, and serrations are ground on a .<urface grinder reciprocating 
the work under the formed wheel placed in the jilane of the broach. 
A device with diamonds is located on one end uf the table for truing 
the wheel periodically. 

Broach Design 

The design of each broach is determined by considering the follow¬ 
ing factors; 

1. Miileriiil to be bronrlu'ii — hai'ilne.s.s or toughness. 

2. Type of hole—corpil, lirilleil, punrhoil, or surface. 

3. Amoiinl of slock to be rpiunved. 
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4. Leiufth of surfaLP lo l>e broat-hod. 

5. AcTurary and finish dosircd. 

6. Type of niacliiiiL* to be used. 

7. Typp of fend — niei-haniral or hydraulic. 

8. Anlii'ii»ated rate of prodiirtion. 

Tlic‘ main tooth elements of the broaeli are (Fig. 18): 

1. Pitch of the tpidh. 

2. Rise ppr looth. 

3. Riikn MTipli'. 

4. Rplinf nniilp. 

T). Chif) .spaiM’. 

Figures 19, 20, anil 21 sliow drawings of tlie three types nf bruaelies, 
giving features of design. 

The pitch of the teeth, tliat is. the tiistanee frniii luii* tt)oth tn the 
next, dt'pends upon the tooth strength, length of eiit, aiirl shajie and 
size of chips. Tlie pitch of tiie roughing teeth sliouhl he as foarsc 



as jiossihle to provide ample chip chairance, and at least two teeth, anrl 
preferably three, should be in contact with the work at all times. 
Fini.sliing teeth are often of less j)ileh to reiluce the length of the 
l)roaeh. 

The* formula p = 0.35 in vvhirli p is tin* pitedj of the roughing 
teeth in inches and / is tlie length id' the hole or surface hroaelied in 
inclie.s, i.s used by a iimnher nf broach manufacturers. Sometimes, tn 
avoid chatter when hroaeliing hard metal, the jiitcli is varii‘rl slightly 
above and below the normal value, as is dom- in spacing reamer teeth 
unevenly. 

When thin stock is being broached, it is desirable to form the teeth 
at an angle, as in a helical-gear raek. This permit.s greater .spacing 
of the teeth and at the same time maintains two or more teeth in 
cutting contact with the work. Thin jiarts may be stacked .so that the 
length nf the surface being broached is three times the jutch of the 
teeth. 
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A larRi* .sirioutli fillet should be provided at the bottom of the tooth 
spare to rurl the rhips anti prevent their clogging. This is most iin- 
])ortant on ductile metals, such as soft steel, copper, and aluminum. 

The front, fares of the teeth arc given a rake angle of 5-15 deg 
for genriral work, thus reducing the power consumption and producing 
smoother surfaces. Angles up to 15 deg are better on ductile metals, 
and smaller angles are used on cast iron, brass, and bronze. 



1!). 'Dll* Dc.si^ii 111 ' a. Hi^li S|mmm1 SIimO n.7r>2-iii.-iliain. Hiiiiiul Finishing anil 
Hurni.shin^ Hniarli iif (hr Push Typi' for I'sr in Ih'iiiizr. 

Tlii'n'! uri; IliriM' I'liOiiii: uml imkIiI buriii.shnrH, llu* itiaiiilN uf wliii'li iirir kivi'ii iiii the eiiluruiirl 

iiiNiirl. 


The relief angles of hrnach teeth are relatively small, varying from 
1 to 3 ileg. The tapered cutting teeth have a relief, while teeth with 
no rise oflen have a land with no relief so they will retain size after 
sharpening i)y repeated grindings on the face of the tooth. Each 
broach of this ty[)e of high speed steel will give a total production of 
40,(100-80.(KKJ pieces from several grinds. The same broach made 
with ndief on the finishing teeth will be undersized after one or two 
grinds with a total production of (i,0()0-9.000 i)ieces. 

The hinds and cutting edges of the roughing teeth of most broaches 
are nicked alternately so as to lireak up the chips into narrow widths. 

BROACHING PRACTICE 

The Illinois Tool Vo. recommends the praetice of leaving approxi¬ 
mately ' i; 4 -in. stock on the diameter in a hole or on a surface in order 
to clean up and produce a good surface hy broaching. Broaches for 





CourlF.ai^ Thr, LajnnniF. Mtu'hinr. Toni Co. 


J'kj. 21. A Coiiibinaliim 1.23J)-in. Hmind. 4-Sjilinc Hrnaidi rif Ili^h Spi!i;d Htw;! for 
Cutting SiiM'l \M in. Long. 


in cirdiT to rknin up. The rnnditinn of the hide nr surface before 
lirnaehin^ niu?:t be considered. 

The rise per tooth (feed) or increase in liei^lit of one tooth over the 
next de])ends hirf^ely on the tluckne.s< of stock to be reinoveil, the 
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number of roughing teeth in the broach, the hardness and toughness 
nf the material to be broaclied, the length of the surface, and the 
hnish desired. The harder the material, the less the stock that can 
he rcjiioved per tooth. The rougliing operations, or first cuts, should 
take thick chips, while for final cuts by the finishing end, the feed per 
tooth is reiluced, with the last f(‘w teeth of the same height. The feed 
per tooth for heavy work, where a heavy strong broach is used, can 
be greater than lor liglit work or where a small-sectioned broach is 
used. 

For inediuiii-sized hroai hes ojieiatiiig in steel, the feed per tooth is 
from O.OOOfi to O.OOH in. These values may he donbleil when V)roarh- 
ing cast iron, malleable iron, or brass. Large strong ))roaehes may 
remove from 0.00") to 0.010 in. i)er looth. For burnishing or sizing, 
the increase i)er tootli is not over 0.001 in., and often from 0.0001 to 
zero. Broaches have a few teeth at the finishing end nf exactly the 
saim? size in order to givt* a fine finish and accnralc size to the work. 
In niany cases, the finishing teeth are followed by rounded-edge 
burnishers. 

Cutting speeds for l)roaching range from 3 to 50 fpm, depending 
upon the size and shape of the broach and the nature of the work. 
The imiieiittiiig return speed is from two lo five timi‘s as fa.st. 

A steel wire brush is often used to clean the chi])s from the broach 
teeth. The brush may be used by hainl, hut is often allachefl to the 
machine beil just inside the work so as to oiierate automatieally. 

A eopious sup|)ly (d' cutting fluid is beneficial in most broaching 
operations, jiarticidarly on steel. An I'lnulsioii may suffice, hut for 
very hard or duetile materials, sulphurizeil mineral oils ai-e recom- 
meniled. 

In broaehing cast-iron i)arts with l)roaches su])|)iirted by a work 
bushing, such as for the kiwway cutter in Fig. 11, nr the surface 
broach in Fig. Ifi, the broach should l)e inverted or on edge to prevent 
the line chips from ahrailing the hack of the broach or the bushing. 
When broaching keyways in tapered holes, the work is usually sup¬ 
ported on a tapered liii.sliing which is inclineil so that the surface of 
the work to be broached is parallel to the travel of the broach. 

QUESTIONS 

1. How iiiiiy brniu'liiiig ln' 

2. Whiit types i»f iliives are iiseil in iMOiu-liing iiiarhiiie.s, anti wliirli are used 
on the more iiiodern lype.'^V 

3. Whal i.S the lulvaiiliiKi' of the ailjiislahle safely valve on ihe liyilraulie-feed 
InitarhinK iiini'liiiies? 

4. What i.S mi'iinl l>y a l■nllliIlllml.«^-lypl• lirnai-hinj: niiiehinc? 

5. Wlial is iiie:iiil hv a key.sealer. amt liow does il work? 
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6. Ill ivliMt fivp ways may iirnarlirs lir rlassifini? 

7. Why am pull bmai'lins usually loiippr Ilian push brnai-lirs? 

B. Name Hinn ways in wliifli a pull hrmifli is allarlir'il In ll)i> imllinK lu>aH 
ni' III!' iiiarliinn. 

9. Whal is luraul liy a l oinhinatinn hrniirh? 

10. Explain (hn imnwisi' nf hrnarlii's havinij huili-up spi'liniis. 

11. How arp thesR built-up spi-tinns usnii in iniprnal surfacp brnarhin^ ami in 
1 xP- nal suifarp brnar hinK? 

12. (.)l wlial iiial 1 ‘riiils arc broaclii's iiiaili*? 

13. Wlial urn snnin n! llin fnatuips of broanli ilnsi^n? 

14. ["i>rm wlial (Inns llin fnnil pnr I noth of a bnianli ili‘i)i‘iiir.’ 

15. Wlial i.s innanl by Ihn pilch of ihn tnnih of a brnarli. ami upnii whal ilni'S 
ii ili'iu'iiil? 

16. AA'hal iLin tin; sih'piIs ninpluynil in brnai-hin^ 1‘nr avf‘raa:i’ wnrk? 
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GEARS AND THEIR MANUFACTURE 

DEFINITION 

Motion is transniitlfMl frnin duo shaft to another by causing curved 
surfaces to roll onu.f>n the other. This motion is made positive by [iro- 
viiling the surfaced witii projections- -teidh which mesh. These 
rolling surfaces are called j)ilch surfaces. Wheels witli such jirojec- 
tions are calh‘d gears. 


GEAR-TOOTH FORMS 

dear teeth are classified according fo the contour of tlic tooth fac::. 
They are known as j'vcloidal, involute, and coniiJosite. 



rii:. 1. McUind i)f l)cveli)piiig the liivnlulc tUirvc. 

The |iri!NMiri‘ lint* rifj in ilrtiwii tlirnUKli u on the pitrli rirt'le at llii' liiiicle nf nliliiiiiity with the tniiKcnt 
at a. The hiiNr i-ireli- f/fi in ilrawii tniiKeiit tii the line ab at h. .-\ tiiiiKeiil tii the nireli; b Ls rulleil uii thu 
ejre.le. Any puiiil r mi the nilliiiK InnKeiit ileHi’.ribeM the inviilute ptitli i/r. 


'riie involute tooth curve is generated by rolling a straight line on a 
base circle, as illustrated in Fig. 1. Any point on this rolling line de¬ 
scribes an invidute curve. Tlie tooth-face contour is then made up 
of that part of the invcdute between the oiitsiile circle and the base 
circle .r-i/, iilus the straight radial or mudifieii line i/-z between the 
base circle and the working-depth circle, ))lus the fillet between the 
working-depth circle ami the root circle. 

The involute system has commercially replaced the cycloidal Ijccause 
the tooth curve is simple and efficient and iiermits centcr-to-center ad¬ 
justment of gears. 
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The involute form of tooth is conveniently cut by circular form cut¬ 
ters as in job-shop work, Fig. 5, or by generating in production work. 

Four involute tofith forms have been adopted by the American 
Standards Association (B6.1, 1982) as follows: 

1. full-ilppUi loDlh and composite form of basii- rack (corresponds to 
Brown and Sliarpo syslrm), Fiff. 2. 

2. 20-deg stiib-loolli sysicm wilh straiKht-sidcd basic rack, Fig. 3. 

3. ]4'/L-deg full-df'plli and straight-sided basic rack. 

4. 20-dcg full-de]:)th iouLli and straight-sided biisic rack. 



FiO. 2. The Americtiii Slaiidarils .Vs.siici:i(inn’s Apfo oxiiiia1ir)n to Hasic Rack for 
the 1 I' ii-(Jcg ( >ompo.si< (‘ Syst em for liitiTchaiigeable Spur (ieriring )ep1 h Tool. 

Till* ryi'lijiiliil iMirvi\s wlu'i-h form tin* tiiii uiiil buttoiii of tliu l‘UI'vl> by iircN uf i;ii'i;lrN. 

I'ur luniiM, HLiC Fit;. 4. 

These four standard fnrm.s refiresenl a cnnipnnnise of sueb sys¬ 
tems as the Brown and Sharpe, Fellow.s, Nuttall, Maag, tiiiil Gleason 
wliieli have been in general use for years. Most Jif the forms are 
interchangeable to some extent with one of tlie ni‘W staiidartls, tin* 
flearance between tlu‘ top and bj)tti)ni of (lie jnaling liM'tli being the 
prinei[)al cause of dilTi renee. The .^tandarrls are la'comiiuauled for use 
in future design to re])lace the varicnis inrb‘j)enilent system.s. 

Form 1, the 14V^-deg full-rle])th tnolb ami nimi)osite fcirm of basic 
rack, is illustrated in the simidifiefl form in Fig. 2. The sides of the 
rack teeth are slightly iiiotliliLMl from the straight line. This system 
is praetically identiral and is interchangeable Avitb the Brown and 
Sharpe Maniifaeturing Co. standard. 

This enmpo.«ite form of btisir rack is used i)rineipally with circular 
form cutters, while the straight-sided racks adapt themselves par¬ 
ticularly to proiluction work in which the straight-sided l)a.sic-rack 
generating cutter is advantageous owing to the straight-line simplicity 
and also to the ease with wliirh a long addendum pinion can be cal¬ 
culated for the purpose of avoiding undercutting. 

Forms 2, 3, and 4 all liavc straight-sided l)asic racks. Tlie stub- 
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tooth form (2) iJlu.'strated in Fig. 3 sufiersede.^ nine previously used 
stub-tooth systems. Form 4 has been adopted as the sole standard by 
Gei inany and is used in this country where strong and quiet gears are 
desirable. 



Fiiji. 3. 'I'lii'. Ainerir.aii Stiiiiihirils Assoeiiiliini's Basir Rtirk I'Dr th«‘ 20-ile|; Stub 
'I'ddIIi luvoliiti^ SysliMii for Spur Ci‘ariii)r. 

Nomenclature and Formulas for Gear Teeth 

Noinenrhitorc of gear teeth id' llie involute system of spur gears is 
illustrated in Fig. 4. Definitions relating to tln‘ iinoliitc* gc'ar teeth 
are as follows: 

IMli'li liiiif' or Cirrli? —liio Lliooroliral surhires of [•ontficl of two inii(iu|£ ui'ars ur 
rolliiiK ryliiiiliTS. 



Fig. 4. NoinniPliihirr of rinii'H soul Crjir 'Purtli Us<mI in thi’ Involutr Systiuii of 
Spur (leiirs sls Approval by flu* Aiiirrinan SUiiibinls A.ssorialioii. 


Biisc Cirfli’ — lliiil from wliirli tin* iin oluli* i-urvp is ili'vrlopi'il. Diiom*lr*r 

(»f biusi* iiirelii* fiiiinls Ihr pilrii iIuuucIlm' (F/>) liiiips tbr rosiiii- of pri-ssuri’ auKli'. 

Sei’ Fig. 1. 

Cirnilar Pilch (CP) ~ ilistann* from tliu n*nu*r of one tooth to the center of the 
next nieuHiireil on the iiilch riri’le. 


TT irPD 

D/" A 


Diuiuelriil l*itrh (DP) —iiuiiibtM' of teeth iV diviileii by the pitch diameter. 
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Furtlier definitions and formulas for the standard full depth and 
stub teeth in terms of diametral pitch are piven in Table 1. 


TaBLK I. I)KKINITIt>NS ANI> l>'uHMlTLAS FDR THK STANDARn FiaX DkITII AND 

Sti b Tkijth in Tfrms ok Diametral Pitch [N = Number df Teeth) 


Tfiolli Elpincnl 

Full 

l)ppi li 

Sluh 

Tiiiilh 

\;iinn 

Deliiiilioii 

1‘ili li iliiLiiiPliM' {PD) 

Diaiiictcr iif Dip pilrh r'irrle 

A' 

DP 

A 

DP 

n.s 

DP 

Ailili'hiluiii (»S’) 

ni,sl:iiiiM‘ rniin [liti'li line In Inp 
of IimiDi 

1 

DP 

1 I")? 

DP 

Miiiiimim iIi‘iUmiiIuiii 
l>' +/I 

Di.s(:iiii‘c fniin jnlrh liiii* tii rnnl 

Ilf liiiiDi 

1 

W'lliking ili']ilh (D) 

Depth ill (he (iinlh s)iarr‘ hi 
whirh Dip tiinDi nf Dip iiiiitin^ 
KPur pxlPiiils 

2 

DP 

1 li 

7)P 

Miiiiiiuiiu tntiil dcplfi 
{P + /)* 

inking (|p|)Di plus pli'.-inuipp 

2 \W1 

DP 

IS 

DP 

J)ii(si(lc (liiuiinlcr 


\ -h 2 

.V + 1 (i 
i)P 

Hitsii- Imith 1 hii'kiK'.ss dji 
pill'll line 


1 .^70S 

DP 

1 .ri7()K 

Miniinuiii l■ll‘!l^^lllI■l■* 


0 l.'i? 

/jiT* 

1 Hf 

0.2 

DP 

U:uliiis Ilf filli‘1 




• A NiiitHlilr! tnlrriiiii-p should hn rimHulRrnd ill RoniiRrtioii with nil iiiiiiiiiiiiiii ri>r;r)iiiiri(>iiiJaMr>nfl, 


The shop is interrest ed in the dimensions of involveii in euttc*r 

selection, size of gear blank, and inspection of thi‘ linisheLl work. Such 
values are the outside and pitch diameter of the gear blank, dianielral 
pitch, number of teeth, and total depth of tooth. I’he total depth 
of a fi-pitch gear of the full-depth type, fonn 1, is 2.1 hi /DP = 2. L.. /fi = 
0.3595 in.; and of the stub-tooth type, form 2, is 1.8/D/^ = l.8/t) = 
0.300 in. The outside diameter of each gear having 10 teeth would be 


jV +2 10 -h2 18 

DP 0 6 


3.000 in., and 


N -h 1.0 
0 


10 -h 1.0 
0 


2.9333 in. 


respectively. The circular pitch of both gears is tt/DP = 3.1410/0 = 
0.5230 in. 
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The 20-deg stub tooth of the Fellows gear shaper is designated by two 
diametral pitches such as (i/8. The numerator (i is used as the diametral 
pitfjh to calculate the pitch diameter, number of teeth, and circular 
pitch, while the denominator 8 is ustui to calculate the addendum, de- 
dendum, clearance, w^orking depth, and tf)tal depth. I'he Fellow\s 14}/^ 
and 20-deg full-dc»ptb tooth and the 20-deg stul) tooth use 2.250/7^7^ 
instead of 2.157/777^ in the composite form, the chiarance being 0.25()/7J7^ 
instead of 0.157/i77\ 

CLASSIFICATION OF GEARS 

Gears may be classified into three general classes according to the 
arrangement of the shafts they connect, as follows: 

1. Ftinillcl sliidts. 

2. Ini ('i'.sr‘t-| iiiK sliiifls. 

3. NiiiipiiriLlli'l, iiiiiiini t'l'scrling shiifts. 

Gears also may be chissifieil according tn general shape, as follows: 

1. .Spur gi'iirs. 

A. Spur (axps i)anillL'l). 

li. Ri.i(‘k (iixp.s piirullcl). 

2. Hcliruidid (ccio's. 

A. lli'lii'.'il Ki'ai's. 

ll) Axes pjuiillpl — lnu‘ lonlh shape in iliiiinctrid ]>lani‘ (IwisIcJ spur). 

(2) Axes paialli'l — Iriii* IduIIi sliupr in niMiiial idtinc. 

(3) iiiinparalli'l ami iiiininU'isrM'liiig Osripw). 

B. Ili’irinjshuiiP i;cars (axes parullpl). 

(1) Malilu'il tcplh. 

(2) SlaKKi'ii'il tf'clli. 

(3) Coniinuiiiis Um'IIi. 

C. Worm Kpais taxes iiunintrM.siM'Lmg). 

3. Bevel gciirs. 

A. .SIraighI hnvpl (axrs iulpiscM-tinp). 

B. Ski'w hi'vrl taxi\s rross loo l•hlsp for hi'lii'niilal gr.irs). 

C. .Spiral brvi'l (axns iiilcrspcling). 

D. Hypoiil hf\'pl taxi's iioiiiiiti’rsi'cling). 

METHODS OF PRODUCING GEARS 

Gears with teeth may he produeed by four general methods: 

1. Cnsi in grprii sand, dry sand rorps. or prnnannnt (mrlal) molds, and in 
metal din.s, as in die rasling. 

2. Moldnl (plaslii's). 

3. Hot-rolled by a master gear. 

4. Mai'hined from i-iislings, I'orgiiigs, bar slui'k, sianipings. or molded shapes. 
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Gear teeth, as cast in the foundry, are rough and inaccurate, but are 
sometimes used where speeds arc low or low cost is essential. Pernia- 
neiit-inold cast gears are not made in any quantities, although many 
blanks are prepared by this process for subsequent machining. Hot- 
rolleii gears arc obtained by rolling a master gear with a heated gear 
blank. Good results are obtained, but the method is not yet used 
commercially to any extent. Small gears, die cast of zinc, tin, alumi¬ 
num, and copper alloys, are used extensively. No subsequent machin¬ 
ing of the teeth is necessary as the surface finish and accuracy from the 
carefully polished dies are satisfactory for very exacting piir])oses. 

Machining the teeth is resorted to when accuriUe, ilepemlable gears 
are required of brass, bronze, cast iron, steel, or laminated resinoids. 

Material for Gears 

Gears are made of a wiile variety of inati'rials to siqijily vaiious 
chemical or ])hysiral projierties according to ni)erating conditions. 
The nietln)d of iiuinufacliire is often associated with the type of mate¬ 
rial used, as follows: 

1. Cast, mnliled, nr lamellar plastics, such as Ihikelile amt fihi'r willi nil or 
inulilcil ti'clli. For high or low speed, light loads, (|iiict operalion, and wlieri' elec¬ 
trical noiictjniliii'ling iiialcrial is desired. May lie inaile in largi' or small i|Uaii- 
tilie.s. 

2. Die castings of aluiiiitium, zinc, or bronze as oiillinrMl abnvi'. Ahiminiim :ind 
zinc are useil fiir light loads, hut bronze is satisfactory for heavy loarls. Large pro- 
iluiiion essi'ntial. 

ri. Cast iron with ti'cth cast nr cut. Useil for comiiaralively light loads ami slow 
speeils. 

4. Brass with cut teeth for coiniiaratively light hiails and slow sjieeils — noii- 
corrosive. 

5. Bronze with cut teeth for high loads, as in wtoin whei'ls-- noncorrosivri. 

6. Low-carbon .steel with lait leelli, for coniiiaralj\i ly light hauls and slow 
speeds—low cost. 

7. Low-carbon steel with cut and case-liardimed li*eth, for liigh loads and liigh 
speeds. 

8. Low-carbon steel, carburizeil with grounrl or lapjuMl lei-tli. for higli loads, 
quietness, and great speeds. 

9. Heat-treated steels, for hea^■y-llllly work anti high sjieetls. F'ull liarrli'ning 
steels, such as SAE 1030, 1045, 3140, 3245, 4130, 4640, 5130. 6145. anti tlie steels to be 
carburized as SAE 1020, 2315, 3115. 3215, 4615. 2515. ami 6115. Large gears are 
u.sually made of tlic low-carbon steels with Ihc surface of the teeth cJirburized after 
being ml. Small gears and pininn.s are usually made of the higher-carbon sterds 
and are hardened throughout by heal treating (see Mavlanvry, January, 1934, 
p. 268). 

Ring gears and pinions of the spiral bevel type are used for lieavy- 
dutv work, as in automotive tlifferontial gears. An SAE 2315 steel 
is often used for the gears, and either SAE 2315 or 2515 steel for 
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piniiins. Tht?se steels must he pack hardened. The steel is bought in 
the form of bars, cut into disks, upset, pierced, exjianded, and finally 
forged into the shape of the blank for best results. Before heat 
treating, the gears are copi)erplated. (Jopperplalirig does not permit 
the penetration of carbon in the carburizing proc’ess and, therefore, 
permits further machining work such as drilling and threading after 
hardening, and it also reduces shrinkage and lessens the metallic ring¬ 
ing sound of gears in operation. Where the copi)erplate is machined ofl’, 
as on the surface of the gear teeth, the surface is carburized and hard¬ 
ened, giving a very strong, wear-resisting tooth. 

GEAR-CUTTING MACHINES AND CUTTERS 

Clear-cutting machines imiy b(‘ classified as to the methoil used to 
jirodiice the tooth contoiu'. as follows; 

1. Machines using eiittia's which form tin* gi‘ar teeth by ]noiliicing 
tiie space id' the shapi' of the cutt(‘r itself Inongtmei'ating). 

A. A siiigle-jKiiul fiiiiii imiUim’ uscmI nii ii phinci- nr shiii)[*r. T]ii‘ Inn) is fcil ii\. 
isu'li slrukc iiiilil riill ili‘|ilh is ri'ai'lii'tl. A sii)^li'-|M)inl Inol alsu is usr‘il as .1 fly 
ciilh'i' iiislfiiil [jf llir> i‘iri-ul!ir iMilhM’ (in n iiiilliiiji>; liiiH'. 

li. A I'irruliir fnriii ciiIUm', usimI for rimgliin^ uml (iiusliing spur niui licliral ^enrs, 
Fiji. 6, iiiui Tor mujihing l)i'>'('l jiinirs, Fiji. S. 

C. A hrii.'ii Ii I'liriii i-uKcr ior ]iriiiliirliuii of irL(i‘rn;il or cxiiiriml work, 
I'^ijI. XJII-M. 

/). Tlif' Cilenson Ri'vnryrli' proci'ss. usinji u rirrulitr hronrh lyiic of i‘Ull(a-. 

2. Maehint‘s using templets or master formeis whieh eonti'ol the 
path followiMl l)y the eniting tool nr tools. Useil for bevel guars and 
coarse-pitched s|)ur gears. 

A. Sinjile tool, Fig. 9. 

H. Two Idols. 

3. Maeliiiies employing tlie generating process whereby the enrreet 
tooth shape is developed by llu* relativi‘ rolling motion id‘ tlu‘ eiitter 
ami work. 

A. RiU-k-shiipinl rullcr for spur. iH'liral, niiit hcrriiiglionr' grars, Fig. 12. 

Ii. Finion-sliDiMMl rultcr for s|iiir. hrliral, ami lii’rringliimi' gi'ars, internal ur ex¬ 
ternal, Fig. 13. 

Hob culliM- fur spiir, lii'lii'aJ, liiM-riiigbiiiii' gears, ami worm gi'ars. Fig. 17. 

I). One or more siiigli'-poiiit tools wliirli arl as a pail of a triu' rai/k. Used 
mostly for bevel gears or for internal s\i\iv ami lielual gi'ars. Fig. 11. 

E. Uircular .side-rulIing tool for spiral-bevel or hypoiil gears. I’ig. 22. 

Machines Using Circular Form Cutters for Spur and Helical Gears 

Gears in small (iiiantilies are id'ten maiie in the timlroom or job 
shop, on such iiiachiiu's as the milling mai-him‘, ])hiner. and shaper, 
equipped with special acia'ssnries. A form cutter removes the material 
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|)f’hvi'i‘n hvii Jidjiirent ti'idli. When geurs an* pnirlurerl in large qiian' 
lities. speeiiil autninatie gear-rutting inarhines are employed. 

The Hnnvn and Sharpe ^Manufacturing Cn. eslahlished a set of 15 
form cutters for involute gears of earli diametral pilili so tiiat any 
two gears having a number of leeth aljove 12 will operate* together 
satisfactorily. These cutters are hasial on an angle of obliquity of 
14^4 deg and composite tooth form. For each diametral pitch, the 
cutters are numbered by % ^Vom 1 to 8, iiicl., dejieinling on the teeth 
in the gear. Kxcejit for extreme accuracy, the whole numbers only 
constitute a set, as follows: 


No. S 12- la if*[‘lli 

■ 7 1^- 16 “ 

" fi 17- 20 “ 

"i 21- 25 " 

“ 4 2ri- a4 “ 

“ a a5- 54 " 

“ 2 ri5-ia4 “ 

‘‘ 1 135 anil up 


Ni). 7'i! la li’cth 
“ fi'L! 15 - Hi “ 

“ o* -. J!>- 20 " 

“ 4\<2 2a- 25 " 

“ 3'/:; 30- 34 " 

“ 2'/. 42- 51 “ 

“ V/^ 80-134 “ 


Circular form cutters for spur-gear teeth arc designated first by 
the size of the toolli as inilicaled l)y tlie diametral pitch of the gear 
and, second, by a nuinber indicating (he range of the number of teeth 
in (he gear it will rut. ''ITius, a HDP N'o. 5 cutter will cut the spaces 
lietwcen the teeth of gears having from 21 to 25 teeth of iiDP. Values 
i»i' iliaiiietral pitch for which cutters are made may range from V 2 1*^ hfh 
with some fractional iiumhcrs iq) to 4 and only even numbi’rs al)ove 20. 

Circular form cutters for helical-gear teeth are selected on a basis 
id’ both the number of teeth in the gear and the helix angle, as follows:"’* 


N' = 


_.y _ 

cos’ X sin a 


(General) = 


A 

a 


(for ■45-ileg hi‘lix) 


in whieli 

jY' - tiip nuniber of teeth for whieli the cutter is selected. 
iV = the number of teeth in the ludical gear. 
a = the angle of helix for the tooth in degrees as measured from a 
line parallel to the gear axis. 

Thus, the cutter for a 19-tootli, ^DP gear having a helix of 4(i deg 
30 min should he selected for 


N' = 


N 


19 


cos^ 4fi deg 30 min X sin 40 deg 30 min 0.3437 


« = 55 teeth 


DP here represents the pitch of the form cutter to he used. 


♦Superior niimpnil.*^ refer to Entries in the Bibliography at the end of the 
fliripter. 
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The normal pitch in a plane at right angles to the tooth helix is CPn. 
Example: 

CI\ = = 0.0283 in. 

IJJ o 

The circular pitch of the teeth of a helieiil gear in the diametral plane 
is CP. 

CP = CP„ see a = 0.028:i X 1-4527 = 0.913 in. 

The pitch diameter is 

= ilr. X Hdc « = ^ X 1.4527 = 5.52020 in. 

DP 5 

The addendum, deflemliiin, total ilepth cd' tooth, anil outside rliain- 
eter an* (•ninp\ili‘il as for sjmr-gear teeth from the DP, as sliown in 
Table 1. ^'hus, the total depth id‘ the 14Vi:-deg full-depth tooth is 
2.157/5 0.4314 in. 

The outside diameter of the gear blank is 

PD 4- 2 X addendum = 5.520 4-2x1 = 5.920 in. 

5 

The lead of a helical gear, like the leail of a screw thread, is the 
axial ilislance between one point on tin* helix anil the eorresponding 
point after om* revolution. F\n' tlu* above gi*ar: 

The lead = the pi tell line einnimferenee of the spur gear -i- tan a = 
.V 19 

iTn ^ = -y X TT X 1.4527 -i- 1.0537H = 10.4575 in. 

Dl^ 5 

This ilistance is used to select the train of gears to drive tin* dividing- 
luvad spindle from tlu* table lead screw, as describeil on j). 204. 

Such helical gears are used between parallel shafts nr nonparallel 
noninters(*cting shafts. The helix angles of botli gears are eiiual in 
the first case, but may be ditVerent in the second. The speed ratio of 
two helical gears, as with spur gears, ^s ei|ual to the ratio of their 
number of teeth. 

Ksninplv: Twii au' t[i be ciil (o riiiiiuMa (wii .sbiin.s at right iuiglcs liiiviiig 

III! H-iii. cciilcr ilisl.'iiirc with ii 2 hi 1 .sjhmhI nifm. The .V| Imilh, 5l)P gear, fur 
wliii'h r‘iiiu|iutaliiiiis iiave been made .abnve, will drive the Xi Icinth gear. Then 
2.Vi = .Vj. The center di.slance (' ei|iials half the sum iif the twii pilch diameters, 
nr 

2C - Iti - “ 1 -Vs .Ht*c (tK) — a) 


or 


Ah sec tt 4- Ah sec (!K) — a) = 80 
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Tiiis equatinn involves unknowns Ni, iVa, and at. 

2A'j = N‘ 2 , and lirliral angle a should be about 45 deg. Then 
A'l see 45 deg + 2.Vi see (1)0 — 45 deg) = SO 
3A^ X 1.4142 = SO, from which A’l = 1S.S5 


Since A'l must be an integral number, it will be iissumed to be 11), and tliiai = 38. 
by trial, values of at, slightly above and below 45 deg, are tried in the equation, with 
vidiie.s of A^ and N-i as indicated, until the result is equal approximately to SO. 
When a equals 40 deg 30 min, the equation becomes 


10 X 1.4527 + 38 X 1.37S6 = 71).!)SS1. 

70 . 1)881 

The actual center distance = — ^ = 7.09881 in., wliiidi is considered sufh- 


riently close to 8.000 in. for this example. The cutters are then found for each 
gi‘ar as shown above. The work is set up in the ilivirling head, anil the talde of 
till* universal miller swiveled to the proper helix angh‘ of the gear on one siile of 
the center for a left,-hand helix, and the other siih* for a right-hand helix. An aiided 
iiller in the giNir train changes llu‘ direction of rotation of (he gear blank from a 
right- to a left-hand helix. 


Alilfhiiies using ii eireiiliir form cut I or tn rtnigh lU’ fitriii gears tiro 
imilt in a varioty of stylos and sizt's, altlnuigli tlioy t)i)orato iiuito 
similarly. 

Tlio iiiDsl general way of cutting rohitivoly small spur gi^ars in joh- 
slinp work is illustratod in Fig. 5. Tlio goar blank Inis l)i‘i:n lurntMl 
lo the corrocl outsitlo tlianiotor in accortlanco with tlio ftn'inulas given 
ill Table 1. Tho cuttor, soloctoil for diainotral pilch ami nuinbor of 
N*t‘th, is inountiMl on tho arbor. In tho illustration an inttu’nioiliato 
arbor sipipoi't is shown being iisoil in aihlilion to Iho end supjnjrt. 
.Vftor sotting uj) tho tliviiling hoatl on tho table, tho table is nittved 
horizontally anti transversely to locate tlu* headstock center in the 
same A'ortical ])lano with the center of tho face of the cutter tooth. The 
central line on the tmtsido ttf the cutter teeth is used for this jiurpose. 
The table is lU'xt lowered and the mandrel cariying the gear lilank is 
mounted on the diviiling-hearl centers. "J'hi* table is raiserl so that the 
bottom of the rotating cutler just makes contact with llu* top outside 
ilianieter of the work. Aftia- moving the wiirk to tlie cutting side of the 
cutter, the table is raiserl an ailditional distania* erjual to the depth of 
cut. In this position, the knee gibs are clani])ed to tbe column. The 
proj)er cutting sjieed and feeil are then selecterl and the rliAuding head 
set up for api)ro|)riate indexing. After each cut, the cutter is returned 
to the cutting sirle of the work and the work indexeil one tooth space. 

In extremely heavy work, because of coarse pitch or tough mate¬ 
rial, a roughing cut all the way around may be made, using a shallow 
flejUh of cut and then taking the hnishing cut to the full depth. The 
rougliing anrl finishing cuts may he made on the same jiass as shown 
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in Fig. 6. Ruugliing nr stocking cutters me used in production work 
to rough out the teeth to a])proximate furiu because of their ability 
to cut at faster speeds and coarser feeds. Such cutters may be fui- 
iiislual with teeth having ste])s on both siiles of all tetdh, stepi)ed on 
fine side of each alternate tnnth, anil teeth alternate right and left 
helically gasheil to provide side rake. Thin cutters with a honk 
also are userl. Worn circular form cutters often are used for roughing 
out the gear which may then be finished on anotlier .similar machine 
with a new accurate form cutter or on generating machines employing 
a hob, rack, or pinion cutter. 



CourleMy Cinrinnati Milliny Mtu'hitir, Co. 


FifJ. 5. A iSelup Shiiwiiiji; (he nf (!ij| (ing Spur Griir.s in a Kiini*- 

Typc Millinfi; Machine Using llie Dividing tleail Id Index tlie Jtlank fni' 'runtli 

Spacing. 

A ririMilar rnnn ruttrr in iiiiiiiiiIimI hu llii' iirlinr wliili* On* ui'iir hliiiik is iiuiiiiil( mI dii ii iiiiiiiLlrnl in turn 
Biippiirtinl nil Oil' fM?nlprs iif tlio ilividiiiK liniil. A iIiik nii tin* rriir Pint uf tin* iiiuiiilrpl Iih.<s its tuil 
claiiipoil In spiMiri' it tn tlip liotnlsiui-k with iin l);ii'klii.sli. 

Where many gears are being made, maehine tools ile.signed for the 
specific pur|)osc and range of work are used. The dividing head, for 
automatically indexing the work from one tooth to the next, is built 
into the maehiue as an integral part with provisions for neeessary 
change gears. Uirculiir form or stocking cutters may he fed horizon¬ 
tally as shown cutting a spur gear. Fig. 6, or vertically. Fig. 8. 

In these automatic machiiies, the cutler, rotating on an arbor, is 
centered with resjiect to the work ami adjusteii for the desired depth 
of cut. It is fed across the fare of the gear i^lank on the cutting 
cycle, and then returned to the starting position at rapid traverse 
when the bank is automatically indexed one tooth si)are. 

Spur-gear racks may be cut with a form cutter which is fed across 
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tin* farr of the ruck hlunk. After being returned tn its starting piisi- 
linn, the work is moved forward one tooth spare for the next cut. 



Caurimy liroirn aud Shrirpp Manufnclurinf/ Co. 

I’lfj. 0. RougliiiiK iiinl Eiiiisliiiig Iho 'i'nuUi al a LiirKU (vji8i-Irr>n Spur Goar on tlic 
Brown and Shiirpn Automatic (icar-CuttiiiK Mucliini* Using Vnrm (fullers. 

Till* niplui is rijimhiMl uiO l>.v llii- sliii'kiiiK iiii llic lufl. ImU tin; ijL-jir uri“ rinii^hr-d by the 

iiiiiHliiiiK ftjriii i iitti’r iil I In- rinlil hii-uliMi uii tbi* i i-nl ni liiii- nF llii- m-iir. Sci- iiisiTi. Tin* pi-iir liluiik 
■iiDiinti'il ijii ti iTiiiii(lrL‘I i.s ilrivnii iiiiil suiiportiMl by iiiikIiv*' bnlteil lu lln' furcpliili*. IF lias I1:i ti'i'tb iiF 
Till- widtli i»r fiirr is ‘ 2 in- Tin- Iiiiil sinn-il sli*i-l i-uttiT lias Ifl ll■l•tb anil is in. iliaiii. 
ll Ls fi-il lit re I li ill. piT mill, riilntRil at ril) rpiii, civiiiK a pi-ripbiTal iMitliiiu spfi'il nf HO Finn. TIir tiiiif 
lu sf!t up tliL* iiuii-liiiii* is (id min, I .11 I'baiici^ lilaiik.s In min, anil tbr urtiiiil riitliiiK tiiiii? is 117 min. A 
screw jack suppurls thr lilank rim iniiiiiMjintely back iif tliu injttcrH. 


Machines Using Circular Form Cutters for Bevel Gears 

A set of circular form cutters is made for cutting hcvcl-gcar teeth. 
They arc similar to those for spur gears, but are all stamped bevel ” 
and are selected from the same table for a number of teeth N' equal to 
the actual number of teeth in the gear N divided by the eosinc of the 
pitch-cone angle h, Fig. 7. Tlie teeth of these cutters are thinner 
• than the correspontling ones for spur gears, a.s they must pass between 
the teeth of the bevel gear at the small end. 

The teeth of bevel gears constantly cliange in circular pitch from 
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their large to small end. Fur this reason, it is impossible to cut gears 
whose tooth curves are theoretically correct with rotary cutters having 
fixed curves. In the job shop where bevel gears are produced on a 
milling machine with the work held in a universal dividing head, the 
first or central cut to depth is made with the “ bevel ” form cutter. 
The gear teeth mu.st then be recut on each face after moving the gear 
and table off center from the cutter and then rolling the tooth face 
back toward the cutter.*"’'* The finished tooth form is then obtained 
by hand filing. 



Fiii. 7. Nmnciicliiture of a Mating Bovnl G«ar and Pinion. 


TtiP rorri'NpiinilH hi that lipiiiu' iiiuL'hinPi.) mi llii> (ilpuNDii rijrin-i’.opyinic iiiacliinp in tLic laboro- 

Uiry. Viiliipn iif tlip pliMiu'iitn [iir hIiu|i iisn an* cmiiinitHil in thi> text. The taiijicent. uf the piniiin lutr.h- 

1 . .1 . ... . .. . Uip number uf tenth in the piniun. 

cone unfcle aO.S ei|iiiilN the tuiiKi'iit uF li iM|UalN hci/OS cquaUi — -;- z - — - 

the number uF teeth in the 


The calculations of such elements of the bevel gear and pinion as 
are needed in tlie shop are as follows, when referring to Fig. 7, in which 
the large gear lias 35 teeth and the small gear or pinion has 20 teeth, 
both of 4 piteh. 

The pitch-cone angle b uf the pinion is KOS, iind B of the gear is TOP. 

.V 35 

The pitch diameter of the gear is —^ = --- = 8.750 in. 

r,. , , . . . 20 

1 hat of the pinion is —~ T ~ 

KS 5 000 

Tlic tangent of the pitch-cone angle A'OiS of the pinion is- = —- = 0.5714. 

OS 8.75 
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Tliefi angle; KOS is 2{) deg 45 min. 

Angle TOF = 90 deg — angle KOS = (iO deg 15 min. 

5 1 

The pitch-cone radius OF = FS X eosec of angle KOS = - X - 

2 sin KOS 


5.000 

2 


X 


1 


5.000 


5.03»3 in. 


0.4!)(i2 0.1M)24 

Till* addendum KP ut FX of the 


= — = - = 0.250 in. 

DP 4 


pinion and DE or FW of the gear teeth 


'fhe dedendum FU of the gear teeth and FY of the pinion teeth 


1.157 

4 


0.28025 in. 

'Pile total depth Yl' fui- the pinion leelli and Wl’ for Ihe gear leelh = 0.53025 in. 
The turning angle ri of the pinion is A'ON. a = h -\- angle FOX. 

The [■nlaiigeiil iif angle FOX = OF FX = 5.0383 h- 0.250 = 20.015. 

Angle FOX = 2 deg 8 min. 

Then angle a — 2!) ileg 45 min + 2 deg 8 min = 31 deg 53 min. 

The cutting angle r of the piniini is SOY. r = h — FOY. 

Ciitangenl FOY = OF FY = 5.0383 ^ 0.2S!)25 = 17.350. 

Angle FOY — 3 deg 42 min. Then angle r = 2!) deg 45 min — 3 deg 42 min = 

2() deg 3 min. 

The outside diameter of the pinion is eiiual to the pileh diameler + (2 X 

adilendum X eosiiie of the piUh angle) = 5 -h (2 X 0.250 X 0.8725) = 5 -|- 

0.4302 = 5.4302 in. 

'Phe lievel culler for (he pinion should he selected for ii mimher of teeth eiiual to 
.V 20 

-= - = 23. 'Phi.s I'lills for a hevid culler No. 5 of 4DP. 

cos h 0.8082 


For till* pruilui-liuii of urftiniU* hevol gears in large ipiaiitities, tlie 
giar hlaiik?; are usually rouglieil nut with slnrkiiig euIters, as shnwii 
ill Fig. 8, and are then linisli eut nii the fnrin-cnpying type nJ‘ maehine, 
Fig. 9, nr nii bevel-gear generating inaehines, Fig. 11. 

The Hevaryele prneess is a high-iuoiluelinn niethud of fnrining 
straight-tnnth bevel-gear teeth in nne eut frnni sulid iiitdal. A large- 
diiiineter eutter ha.s rutting teeth extended radially ruitward, similar 
tn ihnse nf a furin milling cutter. They are nf different height and 
resemble a circular brnach. Tlie cutter rotates in a horizontal plane. 
During the cutting oiteration for eacli tooth, the blank is hehl motion¬ 
less and the cutter is moved in a straiglit line aeross the face of the 
gear jtarallel to the root line. The desired tooth slnijte is produced 
by the eomhiiied effect of the motion of the cutter and the design of 
the teeth. Automobile side gears of sixteen tc‘eth are finished at the 
rate of sixty per hour (Iron Age^ July 13, 1950, p. 90j. 


Machines Using the Form-Copying Principle 

The form-copying or templet type of gear-cutting machine, Fig. 9, 
is used for the manufacture of both bevel and large sj)ur gears in small 
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Ciiurfesjf Onuld and Eberhardt. 


Fii;. 8. 'IMu! rniulil and KhnrKardt Ni). AuMniuilin (knir-C^utlinn; Machinn 

Si'.l Iji lijr HijukIuiik l.hn 24 'rnnlli 3l)P id a 2-iii.-'l''anr Mil-ur Clifiir. 

Till' iiiiiln'ial is Tlii- luiUcr is 4 in. ilimn. iiinl iiin'nitns al !^7 rpiii ami .'Mi in. fi'ed pi>r min. 

Till' I'ui.r.inic limi' is 2I.H iiiin, llii' loailin^ tiiiiu L.i min, iiiukiiiK a liiLal Liini^ Mi>iir tn Hour uf min 
piT Ki'ur. .\flitr I In* ti'i'lli urn rnmrlinil mit, as sliiiwii. limy urn tlmii liniHlunl un ihu slraiKlit-timtli Imvi'l- 
Kiiiir Kt'imraliir sliuwii in llm liiirkKnmiui. 



Fin. 9. Thi* lilpiusoii 37-in. Bevel-Cli^ar Planer of I he Singln-Tiwl Form-Copying 
Type Sol Up for Planing the Teeth of a Large Bevel Gear. 
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iir muilenite quantities. They can be changed quickly from one job 
ro another. 

Three forms arc needed for each setup. One form is straigiit for 
stneking, and two forms, the curves of which arc based on the pitch 
angle, have enlarged profiles of the upper aiul lower side of the tooth 
to be cut. Twenty-five sets of forms of H^ij-deg or 20-deg pressure 




Fn;. 10. IIji* I’tMil.s I snl willi Ti;iii|j)i'l,‘>! on (ill^^l>^l^n I’nini-Cvripying Gear 

PIjuilt. 

Al A tlir- sroi'kiiiK riit(rr is lii'iim fi‘il liitriKtiiilully In ili^|>tli un tin* ri-iilMrliiiL* iif Ihi* Ki-ar. At B lliu 
KiMir has lu-en nitatnl until the luwi'r iiili li iMiiiil tlifit is lln* iiiMirsiT.liiui nf tin* pilr.li t-irrli; anil tliii 
irivuliilc fiirve, is mi ffiitur. Tin* tnnl is IimI iriwiinl fiiriiiini>: tlu* iriVLiliiM* imifvl^ itf On* liuliravi: tiMiiplf^t. 
At C till* ii|i|iirr pitch puiiil a" is mi center, anil the tijul is fcil inwanl almif; the upper tuotli fiici; by the 
emivex tempi i>t. 


angle are furnislieil witli each bevel-gear |)laner. Forms nf 20-deg 
pres.sure angle are furnished with the spur-gear ])laners. The forms 
are modified to overcome the umlercut which the true involute de¬ 
velops on pinions with small numbers of teeth. These forms are 
mounted on a holder bolted to the bed. The holder ean be indexed to 
bring each form into operating [K).sition as ne eded. 

Three shapes of tools are reejuired to machine a complete gear on 
the form-copying jilancr, as shown in Fig. 10. They are set to posi¬ 
tion in the machine by means of a gage. The storking tool is used 
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with a straight Icmjilpt. After all teeth are rDUgherl nut, the sernnd 
tf)ol is set up ti) operate with the eoneave templet for finishing the 
hiwer surfaee (»f all teeth. Tlie third tool is then used with the 
eonvex templet for finishing the upper surfaee of all teeth. AVith each 
tof)l and ti!mplet setup, operations on all teeth of the gear are per- 
forineil automatically. 

In cutting hevel g(‘ars, the blank is held stationary, except for in¬ 
dexing. Tlie tool-carrying arm is mounted to swing about a pf)int 
coinciding with the apex center of the gear being cut. It is supported 
at its imivr enrl by a roller resting on a fixed templet as the turret 
swings towanl the blank. The tool has a reciprocating motion to cut 
the teeth for their full length on the forward stroke anil the side feed 
to cut the teeth to the required depth. AVhile feeding the tool to 
de|)th, tin* roll, riding on (he templet, causes the tool jioint to reproduce 
the form of the temidet at all iniints along the length of the tooth. 

A revival of the old Stevenson-type form tool gear-cutting machine 
has bi'iTi made by the Michigan Tool CyO. in the form of its “ Shear- 
Speed ” gear cutter. The production of this machine is practically 
equal to eight hobbing machines ami nine finish shapers formerly 
used. All teeth are cut simultaneously with single-point tools of the 
correct tooth-space sluqie, being fed in radially at each stroke. The 
accuracy obtained mak(‘s final shaping or further finishing unneces¬ 
sary {Iron A(je, Sept. 21}, 1947). 

Machines Using the Generating Principle 

Machines which generate with a rack-shaped cutter: IMany gear- 
cutting machines employ a reciprocating cuttci* consisting of a single¬ 
point tool like the tooth of a rack, two single-point tools with cutting 
eilges corresponding to the inner faces of two adjacent rack teeth, a 
rack with several teeth, or a pinion having cutting teeth about its 
jicriphery. 

The Hilgram gear-generating machine uses one single-point tool 
having the .<hape of a single tooth of a rack. Fig. 12, attaclied to the 
end of a horizontally reciiinicateil ram. The gear is supported in a 
inecliMiiLsm on the iorwaril end of the machine to furnish the proper 
rolling action for cutting any ty|ie of gear and also inilexes the gear 
blank. The gear blank is indexed during every return stroke of the 
tool so that no two successive cuts are made in the same tooth space. 

The Gleasim two-tool generator for cutting straight-tooth bevel 
gears ami pinions in any quantity. Fig. 11, is built in 3-in., 12-in., and 
25-in. cajiacities Avith an 8-in. machine built especially for finish cutting 
automobile differential gears previously roughed out. The two single- 
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point tools recipropate alternately on two sliiles set at the tooth- 
thiekness cone angle. The two putters are shown swung away from 
tlip gear blank about midway between the beginning and end of the 
lulling aetion of the gear. The cutters first engage the gear blank 
above center where they ai'e fed into dejith; then the cutters and the 
gear blank roll downward together as a crown gear and pinion while 
om- tooth is being machined on both sides. The cutters are then with- 



Fig. 11. The 12-in. Straighl-Tuotli llevnl-(Ji*iir Giuierator Hiiving 
Two SiiiKhvPniiit TiidIs. 


drawn from the gear blank, anrl returned to their upper starting posi¬ 
tion iluring whicli time the gear blank is indexerl one tooth space. 

The JMaag gear shajier made by Niles-Bement-Pond Co. employs a 
rack-sha|)ed cutter with 3-B teeth. Fig. 12, depending on the pitch, 
to generate spur, helical, or herringbone gears. The front face of 
the rack cuts on the forward stroke as it recijirocate.^ acro.ss the face 
of the blank. It thus cuts away the metal generating the tooth 
profile. In starting the first cut, the cutter is gradually fed in radially 
to depth after which the depth is constant while the gear roll.s slightly 
on the cutter at each traverse. When the blank has advanced a dis¬ 
tance equal to one or more circular jiitchcs, the table returns it to 
its starting point without rotary motion. The .same cutter i.s used 
for both gear and pinion. For different ratios, however, cutters are 
used in which the pressure angle varies from 15 to 30 deg as the 
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rat in rhanpt-s. Vnv nrdinary ratios, three cutters generally arc re- 
riuireii per pitch. The faces of the teeth are finished by numerous 
thin cuts. That portirm l)elo\v the base circle indicated as y-r in 
Fig. 1 is geiierateil by the miter enrl of tlie cutter tooth. 

Machines which generate with a pinion-shaped cutter: The 
Fellows gear shaper, employing a jiinion-shaped cutter, is used exten¬ 
sively in the manufacturing imlustry for generating botii internal and 
external spur and hcdical gears, cluster gears, herringbone gears, sjilincs, 
cams, etc. 



l'’nj. 12. A Cutler (Icucrsitiiif; lliti TiuaJi uf a Spur Gear. 

The cutter niounteil on the lower einl of the vertical ram iecij)rocati‘s 
vertically and rolls continuously with the gear blank in a manner 
similar to that of the rack cutler, Fig. 12. Tiie standard machine is 
adapted to cut lioth spur and heliiail gears with external nr internal 
teeth, as well as herringhmic giairs. >\’h(‘n limited for cutting siiiir 
gears with a 5-in. external face of 4DP and 3-in. internal lace of 3I)I\ 
as illustrateil in Fig. 13, it is known as No. 61 A. 'fids machine uses 
3-iii. FD cutlers for IDF and liiuM*, and 4-in. cutters for 6/)P and 
coarser. Roth cutters have a IVi-in. hole. Three guide heads may 
he used interchangeahly — one with a straight guide for spur gears and 
one each for a left- and right-hand helix. 

There are available four values — 111, 184, 270, anil 342 — of 
cutting-speed strokes per minute of the cutter. The slower speeds are 
used with the longer slrokes and harder materials. Cast iron cut dry 
requires slower sjieeds than steel Hooded with a cutting fluid. There 
arc six feed strokes— 720, 900, 1,090, 1,260, 1,440, and 1,620—per 
revolution of the cutter. 

The number of strokes of the cutter per inch of its iiitch diameter is 
found by dividing the feed strokes by the pitch iliaineter of the cutter. 
Finer feeds must be useil where rigid support of the work is lacking. 
For highest-quality gears, two cuts around should be made. For small 
lots the two cuts may be taken on the same inaehine, but for large lots 
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I lie gears sliimld be rouglied on one machine anil finished on a second. 
For ordinary or low-quality work the gears may be finished in one 



Courtmy Felloim Oftar Hhaper Co. 

A, (ipriiii wilhilrawins lever andHnckct; B, aprnii lucking lever: C, pitch diiil for I nnlli-deplh setting. 

J’li;. 13. A Front View of the No. 61 A ffiA-Type) Gejir Sliiiper U.si‘il in Generating 
Gears with a Piiiiiin-’'ryp'‘ (’otter. 


This machine u ilcttigiicd fur the prudni^liuii rif gmrN in ipiuiititiim up tn IH in. pilch iliaiii. The illiiN— 
tration sho^vs the inarhiiiiiig uf a stenl m*!ir made frnin SAIO llH.’i bar-Htuck HltHrl, iif 5^ |)iti‘h, 2()-deK 
pressure angle, 20 teeth, having a 5-in. fare. One guar is iiiuuhineil at a time and finishud in two cuts 
u'ithuut reiiuival frura the machinu. The ctiliing spued is 111 slruki's pur min, giving a surface speed 
uf apprrjximati'b' 92 fjiiii. Thu fewl is 1.080 strukas per rev uf the cutler, ur 270 strokes of the cutter 
per in. of pitch diameter fur the 4-in.-iiiti;h-ili:iinutur cutter. The cutting time per gear is 37^2 
the handling time is 1 Vj min, making the tiitiil tiiiie. floor to flour 39 min pur gear. A cutting fluid 
cuiisistiiig of 2 parts refrigerant base oil and 8 parts paralfin oil is used. 


cut around. The gear blanks must be machined accurately to have 
the hole sfiiiare with the face, and ciinci'iilrie with tlie outside diameter. 
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Two independent motions are provided for the feed of the cutter; 
the depth feed by which the saddle carrying the cutter is fed into the 
work to the correct dejith, and the rotary feed by which the cutter and 
gear blank are slowly rntat(*fi in unison. On the 6A machine, the feed 
mechanism is so arranged that, the cutter can be fed in automatically 
for the roughing cut and, after the gear has imule one com])lete revo¬ 
lution, the cutter is fed in to full flepth for the finishing cut. Upon 
coinjdetion of tlie second revolution of the gear l)lank, the triiiping 
mechanism automatically sto|)s tlie entire machine. The apron carry¬ 
ing the blank is withdrawn from the cutter in give relief on each 
noncutting stroke. 

The Fellows No. 7 high-speeil gear shaper is limited to .smaller work 
and o|)erates much faster than tlie standard imudiine. 

A rack-cutting machim* i.s maiiufactureil by the Fellows fh'ar Shaper 
Co. to cut racks up to 4-in. face ami 72 in. long. A pinion-tyiic cutter 
reciprocates vertii*ally as it rotates slowly. A rack blank clamiied to 
the table ad\hince.s tangr-ntially into the cuttei, the teeth being gen¬ 
erated on the side of tin* blank. 

The pinion-type cutter. Fig. 14, is maile for sjnir or helical gears, 
with a hole for arbor mounting. Cullers of small fliameler or internal 
work an* made with shanks. Fach cutter will cut any number of 
teeth (d’ its pilch. 

Helical eutt(‘rs, I'ig. 15, are rerpiired foi- cutting helical gears. The 
Fellows heliiail cutters are stamlardized for 15-deg and 23-deg helici'.s. 
They are iiuule to oscillali* as they reciiuocaie by means of lielical 
guides in the head at the uiiper enil of the cutter spindle. Right- anil 
left-hand guides are used with right- anil left-hand helical cutters, 
respectively. The cutters will cut on either the uj). Fig. 13, or down 
stroke. Each gear tooth of both .^juir and helical gears has its true 
involute in the diametral plane. The helical gears are twisted spur 
gears. 

By means of this generating i)rinci|)le, cutlers of various shapes 
can be made to cut many forms, ^\iv\\ as splines, cams like the cam ring 
of a radial aircraft engine, and intermittent gear.s. 

The Sykes gear generator, Fig. lb, emj)loys twu piiiinii-lyjie cutter.s 
and operates piiite similarly to the Fellows gear shaper except that it 
is horizontal. Tlie two cutters are opjiosed and work alternately, each 
controlled by its own cam. 

This machine is made in a wide range of sizes, the largest of which 
will cut gears up to 12 ft diaiii. It will generate spur gears, helical 
gears, cluster gears simultaneously, double helical gears with a center 
groove — with teeth matched or staggered — with helices of similar or 
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iJissiinilar jiiti'li, and the Sykes contiiiuous-tDoth herringbone gear, 
Fig. 16, with the two hcliees teniiiiiating in a sluirp apex. 

Machines which generate with a hob : Mobbing is another method 
of generating forms on a cylindriral base. Mobbing maehines, Fig. 17, 
are used extensively for roughing and finishing spur, lielical, and 
lierringbone gears, worm gears, worms, ratchets, sprockets for silent 
chain, roller chain, and block eliain, and other shaj)es, such as square 



I'll!. 14. A Pinion- or Disk-Type ("nilor for GiMioralini; liiviiliiti; Spur-Goar'IViilh 
as Csiul on I ho Ei'llim s (ii‘ar Slmpi’r. 

Till- rt’lic'f is ciiiislunt tlirmiKhiiut llir rulti-r lifi\ Vlif limlli lliicknoss is rciluri-il slinilillj' by hiic- 
r-fssivi' slmr|ji‘iiiiii£s uii llit- riii-i*. Al^ .1 is sliowii tbo I’diitinir of llie hnutli iil siM-tiiiii xr. Hiiih iii- 
vii!iito' un* slriick /roiii Itir- lutso r.;iri;lM. Tlir niltiT is sli.'ir|innifiJ by uriii.'lini; iinly rin the rwlifK 

niknil 'J'his nittiT has 24 Lcptli uf 8/)/'. Tlii' pili’.li iliaiiiutiT is 3.000 in., anil the iirKssiiru aiiKlc 

is 14 *2 The cliaiiioter uf tin* base circle is 2.0044.5 in. 

and sjiline shafts. The involute-gear hob has cutting teeth of the 
same eross-seetioiial shape as the teeth id’ a rack of rorres])onding 
ihtch. It eonsists essentially of a series of rack eutters located with 
lead about the perijiliery of a cylinder, as shown in Fig. 18. The suc¬ 
cessive hob teeth lie along a helical jnitli like a screw thread. The 
hob rotates eontinuously about its own axis for cutting speed. The 
spur or helical gear blank and hob revolve together, the sj)eed ratio 
depending upon the number uf teeth in the gear and the number of 
threads on the hob. A single-thread hob would rotate twenty times 
for each riwulution of a 20-ti)oth gear. As they rotate together, the 
blank is moved for feed past the hob, Fig. 17, or the hob is advanced 
across the face of the gear, as in Fig. 19. 
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For rutting worm whirls, the hob may be fed radially toward the 
renter of the blank, the blank fed toward the hob, Fig. 21, or a tapered 
hob fed tangentially aeross the blank, arrording to the type of machine 
nr hub being used. When rutting spur gears, the hob arbor is swiveled 
from its j)Osition perpendirular to the gear axis, through an angle equal 
to tliat of the helix of the hob thread. When rutting right-hand heliral 



I'lii. 17. .A tSiili* View (if tlic Lrcs-llrailiuT Nu. .5-AC (lear-Hobbiiig Miichiiir with 
riiivursiil Pi3iituiT.s fur ;i Wiile H/uige uf Work. 

This shows Oil* i'iiIIit slidi* utiil iirbur sniipurt uiiil of Iho work s|)iiiilic. Tht? work slidu ImvelB 
hiiriziiTi hilly piist On- (;iitl,i'r hiiriil while thr riiti:or is srt in ili-|ith mi tliir iiiljiistablr I'.iittor hiiiiil. Thiu 
iii.-Li hiiii- is iiiiitji- ill twii si/f^s to hub icfars wluisii iiiaxiiniiiii oiilsiilo (liiiiiii*li;rs itri; 14 in. anil ID in. 

gears, tlie head is swiveled an additiMnal amount etjual to the helix 
angle. Gear tei-tli generated by a hob have their true involute in a 
normal plane, i.e., perjiendiridar In the tooth helix. 

Hobs are made in several shajies, namely, straight, tapered, or 
formed, to suit differeiil rla.'^se.s of Avork or operating romlitions. A 
straight hob is shown in Fig. 18, together with an enlarged view of a 
hob tooth. One liob of this tyjie, of a given ])itrh, will rut all numbers 
of teeth of that iiitrli, either spur or heliral. Right-hand hobs can be 
used to rut both right- ami left-hand heliral gears up to 30-deg helix 
angle. Above 30 deg, right-hand Imbs are rerommended for right- 
hand helires and left-hand hobs for left-hanrl helircs. Hobs for gears 
Avitli a helix angle greater than 35 deg should be tapered at one end to 
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flistrihutp the flitting over inort; teeth, and redure the strain when 
entering the eut, Fig. 20. Tapered hoh.s are alsn used in generating 
worm wJieels hy the tangential feed nu‘thnd, Fig. 21. 



vfewoF-Hoa tooth 

Courtf'Hfj lllinniH Tool irorita. 


Fi(j. ]8. A Slniiglit Singh'-Thiiisul Involule ({ear Hub llliiHtiiiliiig Various I’t'alureB 

anil NoniriiC'laturn. 

Mohs may nr may nnt he grnimd all over afti'r hardening. Un¬ 
ground hobs are suflieienlly aeeurate for the average class of work. 



CnurffNx/ HriMffi unrf A7nir;jr Mtiuujw'iuring Cn. 


Fiq. 19. Houi^h-IIohbiiLK tin Arbor Liiiul of 10 Stin'l Spur ((i'iLr.s with an Unground 
DoublL*-Thread Hub at thi; Halu of 17 min per l.<oad. 

Ground hobs .‘iliould he specified where more than usual aecuraey is 
rei|uireil. Grotiiid hobs for aeeurate work should he of the single- 
thread type. Multiple-thread hobs are used to obtain greater pro- 
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duptiun, but they j 2 ;piuTtilly du not lunduro work us arpuratdy as the 
siiifrlp-tliread hobs. 

Tlip putting iiPtion on a straight hob is distribuUMi over a rnnsidcr- 
ahk* jiroportion of its Icnglli. The hob may he set u]) so that tlie 
teetli near one end do the rutting. When these teeth bernine dull, the 
hoi) is moved to a new position on its axis, sn that sharj) teeth engage 
the work. After several settings when all teeth are dull, the hob is 
removed and reground on the face of the teeth. 



Fifi. 20. Hobbirig a Twn-Thrrail Worm with ii GinilJ Jiinl ICbrrhardt TiipiTiul- 

Wmiii (iriuTaling Hob. 


Examples of bobbing: In Fig. 19, ten gears are being rough hobbecl 
at one pass of tlie hob. The figure illustraU's the f|iiantity of emul¬ 
sion thrown on the cutter, 'fhere are 30 tei-lh in each gear of %DP. 
The face wiilth of each gear is Yi hi. The gears are roughefl with a 
double-thread, 3-iii.-diaiii. unground hoi) of high speed steel. The 
hob has 12 teeth and rotates at 137 rpm, giving a cutting speed of 
100 fj)in. It travels 12Vi in. with a feed of 0.105 ijir of the work. The 
actual cutting time is 13 min with 4 min i-eijuired for changing the 
10 blanks, in finishing, the load consists of only 5 gears. A single¬ 
thread ground hob of high speed steel is used with a feed of 0.068 ipr 
of the work. The cutting time for finisliing is 20 min with 3 min 
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required for changing the load. The setup time of the machine for 
roughing nr finishing is 45 min. 

Excellent results have been nl)tained by bobbing plastic gears with 
carbide-tipped hobs. Sinfereil-carbide hobs for cast iron were sub- 
stitutcfl for high speed steel tu give 2,000-8 pieces [)er setting of hob, 
or 2,000-32 ])er sharpening (high speed steel hob had 4 settings) and 
40,000 for 20 grinds of carbide hob to 480 for 15 grinds of high speed 



21. A Driiiize Wuriii Wluu*l I.s hciui; llnbbcii i)n a (bmlfl aiifl Ebiahardt 
Nc». 24-1 IS Macliiur. 

steel hob. The gear had 8/)/'^, 44 leelh, Ts-in. face, anrl was made of 
miearta. The tooth siiajies of the two cutters were alike. Air suc¬ 
tion carried away abrasive dust. 

S|)ur ami helical gears to be shifted axially for engagement have tlieir 
tooth ends rounded. This is done automalicidly as with the Peerless 
gear-tooth-chainferiiig machine, which uses a small formed-end mill to 
round each tooth end successively. 

The hohbing of a double-thread worm of SAE 1040 steel is shown in 
Fig. 20. The circular pitch of the worm is 0.0(507 in., 5.5 module, the 
face 2.519 in., and the outsiile diameter 2.4213 in. One worm is cut at 
a time with a tapered worin-geiieratiiig hob 5 in. diam. with a IVi-iu-. 
bore. The bob operates at 73 rpm and a feed of 0.010 it)r of the 
work. The cutting time is 11 min with an added 0.8 min for re- 
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loading. A heav)^ flywheel is mounted on the hob spindle to smooth 
the intermittent cuts. 

Straight worms may be hobbed by straight hobs or by tapered hobs. 
The incliitleil angle between the sides of the worm teeth and between 
the sides of the chasing tool should be 29 deg. The width of the end 
of the chasing tool equals the width of the lop of the tooth in the worm 
wheel and etpials O.Sl times the linear pitch of the worm or circular 
pit ell, ( P, of the gear. The aildenduin of the worm thread equals 
0.3183CP, and the total depth equals 0.6B66rP, which gives the width 
of tlie top of the thread id‘ 0.335rP. 

A bronze worm wheel to mesh with a triple-tlireatl worm is being 
hobhed by I he radial-fed method in Fig. 21. The worm wheel has 51 
teeth of 0.8147f’P ami 63.5 mm lace width. It was cut with an in-feed 
of 0.0065 i])r of the blank with the solid shank-type, trii)le-thread, 
all-ground, 3Vi2-in.-rtiam. hoi) rotating at 100 rpm. The mating worm 
had an outside diameter 87.45 mm and a de])th id’ thiaaid of 0.595 in. 
The worm was cut by the in-feed methoil, feeding the hob into the 
blank to proper dejith, after which the blank was allowial to revolve so 
as to clean up. The cutting time for the worm wheel was 18V1: min 
with an added 2^4 min for reloading. 

Foi* iiractical data and formulas for the liesign of worm gears, see 
Profluct Engineerifu^, danuai-y, 1934, p. 2. 

Relative advantages of the diHerent types of gear cutters: From 
the standjioint of mathematical accuracy, the rai*k-shaped cutter is the 
best generating tool and tin* hob is second. The rack-shai)ed cutter 
is the easiest to make accurately, because of the j)laiie .surfaci's in¬ 
volved. The hob comes next in onler, excei)t for possible errors in 
lead. The pinion-shai)ed cutler is difficult to make accurately because 
of the number of teeth which mii.st have identical profiles uniformly 
s])aced and concentric with tin* center of the cutter. Relief ami rake 
can be jirovided on the rack- and pinion-shaped cutters to suit condi¬ 
tions, but the relief on the .<ide of the ])inion-culter tooth introduces 
errors as the face of the cutter is grouml. The hob has the poorest 
cutting action. The gashes of holis having helix angles below 4 deg 
are straight, but are helical at right angles to the helix for greater 
angles. As far as the rate of production is concerned, the hob method 
is fastest. The continuous rotary imitioiis employed in the j)rocess are 
ideal for speed. The j)inion- and rack-shaped cutters are second. 
Circular form cutters, particularly of the stocking type, arc designed 
for fast removal of metal and are, therefore, frequently used for rough¬ 
ing out the blank which is finished by a hob or pinion-shaped cutter. 

Machines for generating spiral bevel gears : Spiral bevel and 
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liypnirj gears may be generated on the Bilgram single-point tool ma- 
rliiue and on various generators made by the Gleason Works, the 
smaller sizes of which use a circular rack-tooth face mill, while the 
larger ones use a single-point rack-tooth tool. 

The Gleason generators, P^ig. 22, which produce the tooth profile of 
spiral bevel gears with a niultiple-blade rack-shaped tooth circular 
cutter of the face-mill type, are built in four sizes, namely, 3, 10, 15, 
and 25 in. The 3-iii. generator is built for both rough and finish 



P'liJ. 22. A Frniil View of llic New dejiHiin Nn. 10 S|)ir!il Hevrl-Ceiir OenenilDr 
Shown S«*t Uj) for CeiieriiliiiK .'i Spinil Hev'el (Ir.-ir willi Ji (^irciihir I’afo-Typi* Cutter. 


cutting, or for comiileliiig tlie gear (eeth of fme-jiilch ami narrow-face 
gears in one cut. The lO-in. generattn- is huill es])ecially for large- 
quantity production and is used princijially for the finishing o|)i‘ration 
on gears previously roughed out on (ileason sjiiral rougher.s. The 
15-in. generator adapted for spiral bevel and hyjioid gears is the most 
universal of the generators for cutting gears and ]nnions in small or 
large quantities. The 25-in. machine is similar to the 15-in., except 
that it has a greater capacity. Tlie work head in P'ig. 22 is on a slide 
which is fed inward, forcing the blank against the cutter, whereas in 
the 15-in. machine the whole work heail swings the blank into the 
cutter. 

Tliese generators consist essentially of a work head, a cutter saddle, 
and a base. The blank is fed against the rotating cutter to cut a tooth 
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.sjiare, then withdrawn and indexed one tooth spare and again fed into 
tlic cutter for rutting tlie next tootli sjiare. Tlie tooth profile is 
obtained through a generating action which consists of a slow relative 
rolling motion between the cutter in its cradle and the work sjiindle, 
rorresj)onding to that of a gear rolling with a crown gear of which the 
cutter teeth reyiresent one tooth. The crown gear in a beved-gear 
system is analogous to the rack of si)iir gears. The various ratios of 
cradle roll for gears of dilTerent pitch angles are obtained through the 
use of change gears. Three other sets of gtairs are j)rovideil for change 
of cutter s]ie('d, feed, and index aiul ratio. 

In the spiral-bevel-gear tooth, a circular curve corresponding to that 
of the cutter is used instead of the theoretical si)iral. This makes the 
lapid production of the gears possible, anil j)erniits adjustments in 
assemldy anil operation. 

The manufacturing o])erations for liypoid gears are, in general, the 
same as for spiral lievels for both gear and jiinion. Freiiaraiion of 
the blanks varies only in the diameter and angh‘s to which they are 
turned. The sjiiral angle of the hyi)oid tooth is usually less than that 
of th(‘ spiral bevel, and that of the jnnion is greater. A hypoiil ])inion 
is ahoul 20-30 jier cent larger than a spiral bevel jiinion. The actual 
cutting operations are iiientical, excei)t tluit the hyj)oiil ])inion is cut 
in an off-center jiosition. 

The (ileason 4()-in., 60-in., and 90-in. spiral-bevel-gear generators 
will generate both si)iral bevel and hypoiil gears and operate as shai)ers 
using a single-point tool. The tool is reeiproeatiMl in a straight slide 
hy a simple crank drive, while the gear blank rotates eontiniiously at a 
uniform rate. During one revolution of the blank, the tool makes one 
stroke for each tootli space. The cradle which carries the toolslide 
is given a slight rolling motion to jirodure the ile.'^ireil curve of the 
tooth across the face of the gear. These motions eontinue without 
interruptions as the tool is slowly fed to depth. 

GEAR FINISHING 

The silent performance of gears o|)erating under various loads and 
speeds lias been the goal of iiroihictiun engineers for years. Eaeli 
year has seen jirogress in the ilevelo]niient of processes and technir|ue 
in this field, and the (?xtensioii of refineiiients in manufacture to most 
industries using gears of all materials, .sizes, and shapes. 

Objectionable sound waves are produced by a very slight error in 
tooth contour, size, spacing, or concentricity. Suitable accuracy, bear¬ 
ing, and surface cannot be maintaineil in steel gears heat treated after 
machining. Gear teeth are being finished to accurate size and correct 
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shape with suitable bearing surface and finish (1) after cutting by 
shaving and burnishing, and (2) after heat treating by grinding and 
lapping. The gears are machined leaving sufficient metal on the face 
of the teeth to clean up by the finishing operation. 

Gear-Tooth-Shaving Machines 

The gear shaver, Fig. 23, runs a circular cutting tool in mesh with the 
gear, producing a bright and smooth surface, correcting the tooth 
profile to within plus or minus 0.0001 in. of a true involute curve, and 



Fkj. 23. Thu " RimI UinR ” Gear Shaver Shiiwn with a Spur Gear in Mesh with a 
Chushi'd lUdiral Culling Gear. 

Dptnils Ilf riitler iueth are nhowii at the riichl. A helical Kcar being shaved by a spur rack is BhD\vn 
at iipppr right. 


at the same time correcting tooth spacing, eccentricity, tooth bearing, 
and helical angle. Gears ean be finished ready for the heat treating and 
final lapping operations in 20-40 sec each. 
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The cutting tool itself is a helical gear of hardened steel and very 
accurate in shape. The teeth are gashed or slotted at one or more 
puiiits along their face. The insert in Fig. 23 shows a single gashed 
cutter set up on the upper shaft. The cutting action is accomplished 
by traversing the work gear axially an aniount slightly greater than 
tljc face width, while running at high speed with the cutting gear. 
The actual cutting is done by the sharp shaving edges at either side 
of the slots in the teeth of the cutting gear as the table is recii)rncated 
longitudinally and fed verticalh^ The axis of the cutting gear is 
swiveled to provide a dilTerence of 10-15 deg between the helix angle 
of tlie cutting tool and that of the gear. A portion of tlie face of the 
cutter is shown at the right. 

A gear-finishing or shaving machine which uses a horizontally 
reciprocated cutting rack against which the work is forced liy a 
liydraulically controlled head is made by the Michigan Tool C'o. A 
straight-tooth rack-tyjie cutter is used for finisliiiig the teeth of iuliral 
gears, as shown at the upiicr right in Fig. 23. Spur gears arc tinished 
on a rack with the teeth arranged helically. 



(Jourteny City Mru-hinv rinrl 7VjrW ll'rirArfl. 


Fig. 24. Close-Up View of the Three Buniisliiiig fleius U.seil mi (lie “ Boli'jiiler ” 
Cie.'ir-Tooth Bunii.shiiii; IMjiehiiie. 

At thf* left tlip KParH nn* .sL*|mratf>il to the work, iiinl ul tin* l,hc siiiiillfKl Hpiir Kniir of a 

foiir-i;i‘ar rliiKtRr is ethowii loaded and ijuiiii»n*.s.s[*d between tlie three geans for biiriii.sliiiiK. 


Gear-Tooth-Burnishing Machines 

The principle for burnishing (dtlier spur or helical gears before 
hardening is shown in Fig. 24. The gear to be buriiisheil and correctly 
formed to the pitch line is rotated umler jires.sure between three 
hardened burnishing gears finished slightly oversize. The pres.sure 
ram may be operated hydraulically, pneumatically, or by weights. 
After the gear is loaded on the central full-floating .sjiindle, the ma¬ 
chine is started with the driving gear operating at 350 rpm from 
3 to 25 rev, as desired, in one direction, after which it is reversed 
for the same number of revolutions and then stopped. The two gears 
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on the left are miiunterl un tlie inrwanl eiiil of the ram anti rotate 
freely. The sinj^le. gear on the right is mountetl on a fixed spindle 
and is the driving gear. 

Gear-Tooth-Grinding Machines 

The formcMl wlieel for grintling hardenetl gear teeth is used on the 
inaeliine, Fig. 25. These maeliines are made in sizes to form-grind 
the teeth of gears iij) to 72 in. iliam. having a 12-in fare. The abrasive 
wiieel is formeil by (liree diamonds mt)untt‘d on the tailstoek, see insert, 
so as tt) have tiie same form as Ihe finished spare l)et\veen two adjacent 



Cuurtvsii Gftir (irimliiin Mnrhinf Cn. 

Ficj. 25. Thu Type (Ul-H) Kiu-iii-Wlu'el (iriiuler Scl I'p fur Gnmling thi; Truth of 

Thruu Spur CJu:irs. 

(iLMirN friiin ‘4 in. Id II) in. iiilrli ilium., Iiuvinii funvs (ip ti) It) in. mill frum 124 in 4 ilimnutrul pitrh, 
with liny pri*s.siin' aniili', may lu* liiii.Nli (criuiiiil mi lliLs iiiui'liiiii^. Spliiu\-H unil utlirr riiriii.s also iiri: 
Ki'diiiiJ un marliini'.M uf llii-s iyiu?. 

teeth of the gear. Tlit' wlieel-truing ileviee has two templets six 
times tlie size of I lie looth or spline to be ground, which, through a 
|)iintograpli mechanism, direct and control the movements of the 
diamonds. 

The gears to lie ground are mounted between centers nr on a mandrel 
directly connecteil with an indexing liead located on the left end of 
the machine table. The table is hydraulically reci])rocatcd so that 
the form wheel, located on its arbor immediately above the gears, 
passes between the gear teeth, which are 0.010 in. oversize, grinding 
both sides and tlic bottom of the space at each stroke. The wheel is 
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then witlitlrawn, iinrl tlic gear imlcxcil oiu' tontli. A rniighiiij^ cut- is 
first made fompletcly arnuiHl the pear, leavinp tlie teetii ahnut 0.001 in. 
over tlie finislied size. The priiiilinp wheel is tlien trued and the pear 
finished. 

In fnnii-prindinp wnrms sueh as those nseil in rear-axle drives, the 
table reeiiiroeates the work past the whiad as the worm is uniformly 
related. At the end of each traverse, the wheel rises anil the work 



Tifi. 2G. Tli(^ Whiu‘1 (if llii* TiCcs-HriuJiuM- No. 10 (^l^■l^-TII^Itll Ciriniler Shown 
OjHjrtil iiiK as I he Ejici* of Nil* 'roolli nf .‘in liii;i^iiiHry R;ir.k. 


reverses its rotation, returns to its staitinp |)osilion, anil indexes for 
tlie next threiid. Tlie wheel is then fed downward into jiosition for the 
next traverse [Mi\vh 'nn'r]i, December, 19Ikk J). 241). 

True involute foini teetli may be pi’iierated by the flat face of a 
larpe-diameter prindinp wheel, which coiresponds to one face of a 
tooth of an imapinary rack, as illustrated in Tip. 20. The larpe- 
diameter wheel, iiiounti'd on an inclined siiinillt*, rotates while the 
pear is rolled alonp on its base circle in a |)alh jiarallel to the rack 
l)rofjle as one face of the tooth is peiierated. The two dotteil outlines 
of the pear, Fip. 26, .show its extreme ])n.^ition in each direction of 
rollinp. Startinp at iiosition A, the pear rolls into enpapernent with 
the prindinp wheel and i)ast it to position i\ It then reverses and 
rolls back to the oripinal i»ositioii A, makinp two complete pas.ses of 
the prindinp wheel over the tooth face. At ])osition A, the pear is 
automatically indexed one tooth and the prindinp operation is then 



502 


GEARS AND THEIR MANUFACTURE 


repeated on the next tooth. The gear is turned around on the 
mandrel to grind tlie other face of the teeth. 

A change in tooth pressure angle is made by swiveling the grinding- 
wheel spindle. The truing of the wheel is very iiii])nrtant and must 
be done accurately. TIu* diamond with which the wheel is dressed 
moves in one plane only, j)erpendieular to the axis of the wheel. It 
is not moved toward the wheel as the wheel is dressed off, but rather 



Fin. 27. Pnitt aiul WliiliU'y 10-in. Ilyilniulic OoMr Orindur for ni'iiemting 

Spur iiiiil Helical (jlear Teeth. 

TIu' whpnl i.H •iliiiiini In nirrcN|Miii(I wilU the liintli iif u muNtrr rack. Tlip hrit ririvn to the whcpl 
B|iiiiillf> iN fniiii II iiiiiUir iiiininti iJ im Ihp rirur i;iiil uf the rain. Tlip inulur fur ilri\ ing tlip balanre uf 
the iiiarliinL! iu liii'.alnl in Uip baM«. 

the wlieel is moved up (o the diamond, thus mainlaining the grinding 
surface of the wheel constantly in one jihiiie. The wheel is trued or 
dressed, ordinarily, between gear.^^, and not during the grinding of a 
gear. 

In the Lees-Hradner double-wheel gear-tooth grinder, it is possible, 
by grinding simultaneously, to generate both sides of the teeth of either 
Spur or helical gears to correct any inacciinicies arising from j)re- 
liininary machining or lieat treating. The rate of i)rnduction is 2-21/2 
teeth per min on hardened gears, such as those ordinarily used in 
automnbile transmissions. 

The Pratt and AMiitney gear grinder for spur and helical gears, 
Fig. 27, employs a wheel trued with straight sides and periphery to 
correspond with the shape of a tooth of a master rack. A hy¬ 
draulically reciprocated horizontal ram carries the grinding wheel 
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back and forth between two teeth as the gear is rolled sideways past 
the reciprocating wheel under the guidance of a master gear and rack 
located on the front of the rolling and indexing head, thus generating 
the adjacent sides of the teeth. The gear is indexed automatically, 
after several passes of the wheel, when it is rolled to one side. A 
master gear and rack, indexing racks, and ratchet wheel are lequired 
fur the particular gear being ground (Product Engineering, August, 
1936, p. 301). 

Gear-Tooth-Lapping Machines 

Early lapping practice consisted in running a gear and pinion to¬ 
gether under load with a mixture of fine abrasive anil oil poured on the 
meshing teeth. The gears had previously been machined as nearly 
perfect as possible and sometimes Inirdened. They were lapped to 
remove irregular surfaces or spots on the tooth face and to Direct 
minor changes in bearing resulting from incoirect machining r>r dis¬ 
tortion in hardening. Little stock was removed. 

Tlic teeth of hardened sinir, helical, spiral bevel, anil hypoid gears 
may be ground on machines, while tho.s(* siicli as herringlmne and 
straight bevel do not lend themselves to the grinding i)roi‘esses, init 
may be improved by lapping. Many sjuir and helical gears are being 
lajiped in preference to being ground {Iron Age, July 6, 1933, p. 18). 

To avoid the hard spots of one gear from wearing into its mate, or 
to equalize the abrasive action at the tooth lij) with that at the pitch 
line, the meshing positions of the gear teeth an* changed ihiring the 
lajiping ojieration so as to secure uniform laj)])ing over the face of the 
teeth. A gear and pinion of complicaleil shaj)e lapped in this maiim*!’ 
are often marked and kejd together in the final assembly. 

The Werner machine rotates two i)roduction gears together at low 
speed and, at the same time, reciprocates, at freijuenl intervals, one 
gear axially and the othei- radially. These adrieil motions cause the 
hipping to be more uniformly distributed over the faci* of the teeth. 
Other lapiiing machines for sjiur and helical gears employ a lapj)ing 
gear usually made of cast iron to run with the gear. 

A common practice is to mount the lap with its axis crossing that 
of the gear to introduce a side-sliding action between the teeth. The 
setup sliown in Fig. 28 uses a single lap and the gear axes arc crossed. 
The center distance between the gear and lap remains constant. The 
lap tlrivcs the meshing gear, which resists turning because of the con- 
Hant hydraulic braking action on the work spindle, while the lapping 
compound is poured between them. The work is driven a given 
number of revolutions first in one direction and then in the other, lap- 
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both sitles of t\\v gear tfetli. Tliiw inutliod currents tuuth contour, 
thickness, surface, helix, and eccentricity to tolerances within a few 
ten thousandths of an inch. The hippin/^ cunipf)iind consists of a fine 
abrasive of about 320 grain, niixerl witli a light nil. This abrasive cuts 
the lap as well as the gear. One lap will finish up to 500 gears 



Ciuirtviti/ XfiHonal firoarh and Mat^hine Co. 


Fill. 28. The “ Red RiiiR " (Jcjir-Tunlh Ijappini^ Machine fur Helical mid Spur 

(h'jirs. 

Thu 1ii|i Mlimvn hrUiw tlit‘ isnir ilrivi's Oii' icriir lU hijLEli s|.i‘im1 ils till': liittur ruripriiL'Htes In .npruad the 
lappiiiK uniinn Hrrnss tin* fiir-t* nf tin* truth. 


nonnally, and may show an appreciable reiluctinn in chordal thickness 
of the tonlh but very lillle change in profile. Heat-treated gears 
about 4 ill. diam. with a 1-iii. face are lapjied 3-5 min each. 

Tlie lapping machine. Fig. 29, has three cast-iron laps spaced eiiually 
around the work, each located on a crossed axis. It is claimed that 
tliree laps break u|) spacing errors and lap faster than one. Each lap 
has adjustable center distances and iiulepeiulent swiveling, and each is 
jirovided with an individual hydraulic braking action. The rotary 
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drive furnished through the gear wliirh also is given a reeiprocating 
iiintion as the gear and laps rotate together. This distributes the 
abrasive action uniformly over the face ol‘ the teeth. The timed rota¬ 
tion forward and reverse can be varieri in i4-min intervals, namely, 
2*/i» min on the drive side and Y 2 min on the back side of each tooth. 
The iij)i)er lap may l)e raisetl manually by a toggle joint to enable the 
operator to reload the machine. Gears of lODF and 3-in. PI) can be 
lappeil 00 this machine at the rate of al)oiit 20 gears an hr. In most 
cases a set of lajis will give at least tiO j)roduction hr of work. 



CnuiiPHji Miehit/ar} Ttud Cn. 


FiiJ. 2!). A Spur- jiiid Hrlical-Gi'.ir L:i|)ping M:irhiiui. 

The geiir drives the threi’ r:idi:illy aJjiisti'il uiifl hrakiMl laps ami riT'i|iri)raleN axially. 

The Gleason jnachine for lajijiing hardened si)iral bevel and hypoid 
gi*ars to inoiliice a high iiolish on the generated tooth surlace anrl to 
correct minor changi's in bt’aring which occur in the hanleniiig opera¬ 
tion is shown in Fig. 30. Tlie gear is adjustable horizontally and ver¬ 
tically. The pinion is adjustable axially and horizontally. The 
pinion drives the gear unfler loail, lorwaj'd anil rcA'erse, with a mixture 
of abrasive and oil jioured between them. Tlu‘ meshing position of the 
teeth is varied iluring the laiipiiig o|)eration to seeure lajiping all over 
the surfaces of the teeth. Two hardeiied-.steel earns are used to oscil¬ 
late the gear teeth across the face of the jiinion as the jiinion hecad is 
reciprocated in and out rai)i(lly. Different cams are jirovided for lap¬ 
ping opposite sides of the teeth to in.sure the correct bearing on both 
drive and coast sides. 
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INSPECTION OF GEARS 

Rigid inspection of gears is necessary to insure quiet, even running 
and long life. Gears may be noisy, even after passing the most rigid 
tests, owing to inctirrect curvature of the tooth face, incorrect tooth 
thickness, jaiorly finishetl surface, poor bearing .surface, eccentricity. 



Fio. 30. 'riir Cilriisiiii IH-iii. ('inuhiinilioii Trstinjr and Alacliiiu; for S|)ii!il 

Jtrvrl ami llypiiiil (liMirs. 

incorrect center distimees, or even because nl‘ tlie bearings or gear 
housing which carry the gears, rsually several devices are employed 
to test various elements of (he gear as fcdlows: 

1. Oulsiilr. pilch, iiuil rmil diaiur-lris. 

2. Ti)i)tli sizi', siirli ius lliickiii'ss ami drplli anil harklash. 

3. Toolh profilr. 

4. Ti)i)th-li)-luntil sparing. 

5. Cnnreiilririly uf hm r anil pitrh circle. 

6. Hailiid position of loulli. 

7. Tooth fare hearing anil finish. 

S. Helix angle or leail of heliral gear. 

9. Noise. 

The gear-toolh Vernier caliper. Fig. 31, is usc‘d to measure the chordal 
thickness of the tooth at the pitch circle. The vertical scale should be 
set to read B -h .1, in which .1 = R (\ — cos a). The horizontal scale 
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iihoiild l)e .set to read C = 2R win a. H = PI)l2, at = the angle sub¬ 
tended by one-half the tooth or f 'P/4. 

Measuring with inicrojueter (•alij)i‘rs over ground rolls of a par¬ 
ticular size placed between teeth on o])posite .‘^iiles of tlic gear is 
another method of mca.sunng or eninparing tooth tliiekne.^^s. The 
tliinner teeth will show a .shorter nieMsurenit'iit froju pin to jiin {Afneri- 
can Machinist, Aj^ril 6, 1938, j). 27o). The iliameter of the rolls nr 
wires i.s 1.728/-DP for external .sinjr and helical gears; 1.44/iJP for 
internal .spur aiul splines. The nu‘asureiiu‘nls over these rolls are 
compared to tlieoretieal values given in tallies for gears with even 
and ntld numbers of teeth. See the Van Keuren C'o. or other hand¬ 
book tabh's. 

In proiIuctioM work wh(‘re many gear tee th are to l)e checked for 
chordal thickness, a gage or (‘oniparaior is idten iiseal. The coni- 
parator, I'hg. 32, is first adjusted fo fit a niastiT rack timlli, and the 
dial gage is >el at zei o, as shown in rhe insert. \\’hen placeil on a geai' 
tooth id' till' .sam(‘ pitch, reganlless of (hi‘ niiml)er of teeth in the gear, 
the ilial should read zero for correct tooth thickness. 

An optical projection niaidiim* for measuring anil comparing ol)- 
jects by means id' a magnilied shallow is shown in Fig. 33. A lioh is 
mounted on a mandi'el betwei'ii centers. Hy swiveling tlu‘ ta))ie or 
swinging tin* briicket Jind adjusting the lamj) house, the light hi'am 
can be tliiown ])arallel to the helix of the hohl)iMl tooth or screw thread, 
as shown. The light passes from the lamp through a pair of condensing 
lenses against the object, thi’ough the projL'ctinn lens to a mirror in 
the rear from which the shadow is reflected hack to the iranslncent 
screen. Any |)art of the image may be measured directly by the 
micrometer or dial gage on the carriage and the angle-measuring at¬ 
tachment, or it may he compared with the corriad jirofile drawn on the 
screen to the enlarged scale. A 2r)-mm lens system will project a 
'>,; 4 -in. iirea on the screen at 20U magnifications. A '^i-in. area is 
jirojected by an 82-miii lens system at 12 magnifications. Inter¬ 
mediate lens systems are avaihil)le. When eijuipiied with attachments 
proviiling for vertical, lateral, and angular measurements, the machine 
is fully universal for measuring and eomiiaring objects. 

The Vinco dual-|)ur|io.se gear rolling inspection fixture, with the 
production gear mounted on a fixed adapter at the right in mesh 
with a master gear at the left inountetl on the swiveling arm pivoted 
at the rear, is shown in Fig. 34. W ith the gears held under light 
spring com|)ressioii and the arm free at the front, errors of rotation, 
eccentricity, etc., are recorded on the rlial indicator at the right as the 
gears are rotated by liand. With the arm fixed at both ends, the 




center distance between tlic gears is nKiintained. AVith the work 
gear prevented from rotating, llie back lasli unit with tlie dial gage 
at the rear left is brought against the master gear and its minute 
rotation recorded as back lash. 
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Spur and helical gears must be checked for error in lead and helix. 
The machine shown in Fig. 35 does both at one setting of the gear. 
A master cylindrical cam comfiaring with that desired in the gear is 



I'lii. The Viiinii Duiil-Furpose Ciear Rolling Insperlion r'i.vlurG for Recoriling 
Eiu'eiih'irity on the I'Vont Right linlioalor anti Ikirk Latsh on the Rear Left Indinatur. 



Fni. 35. A Clear Tester for Checking the Lead of Spur nr Helical Clears on the Two 
Front Indicators as the Front Slide is Movwl along the Face of the Clear and Mivster 
C^am, and for Measuring the Helix Angle on the Rear Indicalor as the Rack Tooth 
Is Ihought between Two Clear Teeth. 

locked on a shaft witli the gear. A pin fits into the cam Aoi so that, 
by moving the front slide axially, the gear tooth is given a corresponil- 
ing rotation. Any error of helix in the gear is detected by the two 
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dial gages at the right, which measure the deflection of the pointer in 
contact with the gear tooth on the jntch line. 

A machine for measuring the error in involute of simr or helical 
gears is shmvn in Fig. 36. The work gear is inouiited vertically 
between centers. A tracer, attached to both the Reil Head unit and a 



Fin. 36. The Illinois Invnlulc Profile Mo:i.siiriii|r Msichinr, Including the Hod 

llr.id Recording I'nit. 


dial gage, bears against the tooth face untie)- slight pressure. As the 
tracer and its sliile move to llie right or left, tlie geai- is rotated by 
means of the straiglit edge heiii’ing against a base circle disk which 
ilrives the gear. This motion is .siicli tliat the traeer point would 
trace a true involute if not deflected by an error in the tooth face. A 
deviation of the point from the true involute is observed on the dial 
gage in O.OOOl in. The same motion caiuses a relative jjosition of two 
coated glasses in the Red Head unit which permits light from a lamp 
in front to pass through the glasses and bear on a photoelectric 
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cell. The voltage developed is pru|)ortiuiial tu the error which is 
recorded on a running chart in the instrument at the left. 

The Vinco involute gear cheeking machine employs a straight edge 
bearing again.st a segment tif a circle attached to tlie spindle driving 
the work gear to be testi'd. The carriage on which the straight edge is 
inounteil also ha.s a sine Ijai' which can be tilted to any desired angle, 
so that, as the carriage mrives crosswise uniler the gear, a head, on 
which tlie tracer point and dial gage recording its motion are mounted. 



Fio. 37. Till' llliiiDis Nririiiiii Pitch .'iinl Tiiiilli SpiuM; AlriUsuriiiK Ahichinc. 

moves radially inward along the tooth face and iii)ward because of 
the sine-l)ar action. In this manner the tracer point traverses a true 
involute. Heing compressively forced against the gear tooth, its path 
is controllefl so that any error from the true involute is recordeil on 
the dial gage. 

A machine for determining the normal pitch and tooth space of 
Binir or helical gears is shown in Fig. 37. The gear, mounted between 
horizontal centers, is free to rotate to be indexed from tooth to tooth, 
as a heail carrying fixed anti movable luniits is In'oiight against the 
gear teeth. Tlie head is moved to ami from the gears so that two 
pointers definitely loeate one tooth with respect to the head, and a 
third jiointer bears lightly against the face of another tooth and records 
any error in pitch on the dial gage shown at the top. The Red Head 
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aJiil iTCoriling instruniL'iit iiuiy l)t‘ usnl in ronin rtinn with this niachiiU' 
U) I'hart Ihf crrurs l)ct\vi*t‘ii i5iu'ci\ssivi‘ tivtJi. 

Fairs of gears of all ty]>os ajT often run togi'thiT at varying speeds 
and loads so that the running action of one tooth with another, and 
tlie resulting bearing surface anil noise, may he analyzial. 

Spiral bevel and hypoid gears are first tested after cutting to de¬ 
termine the tooth bearing. They are again tested after hardening for 
hearing and noise. It is liet|uenlly desirable during la])j)ing to deter¬ 
mine the tu’ogress of the o]U‘ration. The gears aie run together ii] 



f nufli'iif / f//rj|f s- fVrur iShiiitr.r (Ju. 


J'li:. 38. The "Red Liner” Gear Reninler Idi Deleeliiig Emus in Timlh Prufile, 
Spjieing, Thickness, Epreiilripily, and Surface dI’S pur nr Helical Clears. 

mesh, eitlier witli or without loail, on the machine illnstrateil in Fig. 30. 
The clutch which controls the oscillating earns can he thrown into 
neutral to test for tooth hearing, hacklash, center distance, concen¬ 
tricity, and noise, and then thrown hack to luigage eithi'r cam if further 
hi]ipiiig is recjuired. If only testing is rerpiired, tlic iiiachine i.s 
furnished without guards, sum]), cams, i)ump. ami other parts neces¬ 
sary for hii)j)iiig. 

The ‘‘ Red Inner gear tester, Fig. 38, records various errors in the 
gear to be tested at one selling. The gear to hi- teslerl is mounted on 
the fixed stud on the left, and roll.s with a meshing master gear of 
known properties mounted on a nmvahh' stud. The motion of the 
movable stud as the gears are rotated together is transmitteil to the 
pen whicli records the errors, aiiijilifierl 200 times, on the moving chart. 
The deviations of the charted line from the central datum line represent 
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the. ernirs. Tiic nil(Ml liiuis art* nparcrl 0.200 in. ainirt so Unit Uit* sjiai't* 
hL'twccn rf'prrsi'iits 0.001 in. This niarliinp n'cnrds iTrurs siit*h as 
I'fcfMitricity, tiMitii-td-tnntli .sjiariiiK, and (initii sliapt*, in r(»inl)iniiti(ni, 
but in .siifli a way tliat tliry can be .scparat(*d anil Hu* amount of 
each definitely determined. The fixcMl .stud carrying the jiroduction 
gear is adjustable vertically anrl eccentrically tf) accommodate single 
gears of different diameter.^ te.'^ted in fpiantilie.«, oi- gears of different 
iliameters in a cluster. The machine may be liaiul or inutor operated 
until the gear to l)e tc'steil makes one Cf)mpleti‘ revolution. 

The chart at the right, Fig. 38, shows, ending at the bottom, the 
last half of the recoifl of a test. Kcrentricity is obvioirs from the 
runout of the line at the toj). The “ hmiii) ” was imule by placing a 
piece of pa|)er between the me.'ihing teeth. Tlu* chart shows the gear 
with thick ainl thin teeth or variations in tootli .spai'ing ainl surface 
roughness. 

PRODUCTION OF GEARS 

Operations Required to Manufacture an Accurate Helical Gear 

A heli(‘al gear of 10-in. O.D. and IVi-in. face for the camshaft of a 
Diesi‘1 engine is marie having 72 teeth of 20-ileg jirt'ssun* angle, a 
normal pilch id' 8, and a jiitch iliameter of 9.750 in. The gear l)hink 
is made of a forging of SAK 3250 steel. The total depth of the tooth 
is 0.271 in.; the addendum is 0.125 in.; and the dedendum is 0.140 in. 
ll i.s to run with a gear having 36 teeth at 7.3125 in. renter distance. 
The righl-hanil helix angle of the gear is 22 deg 37 min and 11 sec, 
giving a lead of 73.512 in. 

The operations on the gear are as follows: 

1. RouKh-iii:ii-liinr‘ (ui nil Ihiislii'il siirf:in\s. 

2. Nnriiiiili/c In ri’licvi* si mins. 

а. nil siirfm-ps. 

'1. UmiKli-liah I In* lerlli. li*nviiig tlii'iii n.002-().(K)a in. oversize. 

5. Einisli-slinvi' llii) 

б. Hnnlcii llir* gi*nr hi n Hiii-kwi'll " C ” linriiiii'ss nf 18-52. Tin* gnnr i.s 
lielil in ii (lie while heiiiK iiui'iiclu'il In ki'i'ii disinrlinn ;ii n iiiiniiiniiii. 

7. GrimI Mic rnimliMlinre niid hiees. 

8. Lap Ihe pear leelh nn I he pear-lnii]iiiip iiinehine. lii'twei'ii 0.0005 and 
0.0015 in. is allnwerl for ln]i|iinp. The pear is la^ipeil In Ihe fnllnwiiip liileranres; 
the invnhite phis 0.(KK)4 in. and ininii.s O.OOIX) in., indi'x lonlli In Innih ]dus and 
niiniis 0.0003 in., nrruiniilnled error in iinh'x plus nr minus 0.0015 in.. (M-i enlrii-ily 
less than 0.00075 in., error in helix anple in 0 in. ]du.s or minus 0.001 in., walihle 
nf leeth less I him O.tHll in., hneklash plus 0.0010 in., and iiiinu.s 0.00075 in. 

QUESTIONS 

1. How may pears be defined? 

2. Whal two forms nf I noth eurve.<* are used? 
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3. Whut are the ftiui- Aiiieiii Mn Slumiards mvuJiite loolh forms? 

4 . Name two or three rummereial s>\siem.s rciilai-ed hy these stanilunls. 

5. What is the base f*:ri*le? Staff* how il is ohtaineii from llie pilih eirele. 

6 . How arc KCiirs rlassificd aeenriliniK to jji'neral shape? 

7 . B'lial are the four iiiethfMis used to ])rodiier‘ K^'ais? 

B. B'hal relation docs the material of wliiidi a soar is made lia\ i* to tin* use 
of the cear? 

9. ^^'h^^t aie I hi' three basic iiiethoils employed on j;ear-eut t inn machines to 
produi-e the teeth of n^ars? 

10. AAdiat are tlo' aihnutates of heliiail over spur 

11. Compute llu' iiitch iliaiiieter, aihli'iidum. df'ileinluni, i‘li'ar:ince, total depth 
of loolh. oiilsiite diameter, root iliameli'r. and base-circle diameter of an 8-pili'h 
s])ur Kf'ar lla^MnK 21 ti'etli f)f the composite tooth form. St'lecI the form culler 
to be usf'il to mill thi' tei'th. 

IZ. Explain the differenci' in i‘ircnlar iiiich of a hobbeil helii-al neai and oni' 
i-ut with a li'ellows hr'lira I cullt'r. 

13. Dr'lI'rinini' thi' numbi'r of llu' form cutter which shoulil be used Irt mill 
the If'eth of a hrdical nc'ar liax inn 21 teeth of 8 pilch and a helix annie of 23 ili'n- 

14. Usinn the !d)o\'e ])roblem, fh'termiiir' tin* circular pileh anil the normal 

ciriular pitch of the leeth. as wi'll as the pilch diameti'r of lhi‘ ni'ai’ and the 

lead of till' lii'lix. 

15. Make eompulations for I hr* problems 13 and 14 as cut with a 

full-di'])lh Fellows helii'al culler. 

16. Si file si’vi'ial dilTerenl ways by which I hi' let'lli of a spur near may be 
nenerat ed. 

17. Compaie ihe merits of the r;ick-type, pinion-lypi'. and hob-type near- 
neneratinn I'utters. 

IB. Explain Ihe dilferi'rice belween a n>'ar hob and a mulli|de thread millinn 
coll er. 

19. What is imanl by hnishinn, .anil what dilTerent mi'tliods are used? 

20. What eleiiieiils of a near must be inspected? 

Zl. Name some pieces of ef|uipnient Avhich are used for insjieclinn H"’ various 
I'li'inenls of a nL'tti’. 
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CHAPTER XV 


GRINDING, POLISHING, BUFFING, HONING, 

AND LAPPING 

GRINDING 

Definition 

firinrlinp:, as roiiiinunly understood by the piifiirirri’, is a ])roiT'ss 
of ri‘innvini»; material to fhanj^e the size nr shape of the piece hy the 
use id' a snlid ^rindiii^ wlu'el. The wluud may ciiiisist of one |)ieec or 
1 ) 1 ' si'f;inents nl' alirasive blocks built up intt) a solid wheel, 'riie .ibi’a- 
sive wlietd is usually lunimtial on some form of maidiine adaiiu d to a 
particular type of work. The wlieel or stone consists of crushed sharp 
l■rystfil.s known as the abrasive, hehl together by a substance known as 
the bond. Microscoj)ic examination of the inalerial removial when 
arindiiift- nielal shows lhat j^riiidin;^; is a true cutting process, as the r(‘- 
nioved nialeriid is in the form of minut(‘, elean-iait chips similar to 
those removed by a metal-cutting tool. 

Poli.shin^, biiffin^;, lappin/!:, and honin^»: are other metlioils of re- 
inovinp: matiTial by the use of abrasives. \\’heels and abrasivi‘s used 
an* develojied s])eeiatly for each process, as described si'jiai'ately below. 
Metallurjiieal proeesses have im]irfivr*il alonp; with firinilirifr; ])ractice 
wliich has made it i)o.<sible to finish to final size and .^hapf: a steel 
piece after it has been hardenc*d. A few thousandths of an inch of ex¬ 
cess metal is left on all surfaces to be finishefl, to be f^rouml olT after 
the |)ieee has been hardened pro|)erly. This (*xce.ss metal not only 
permits the cli'aniiiii; up of all surfaces by tin* jj;rinilin^ j)rocess, but alsfi 
allows for shrinkaf^o, expansion, or other changes in shai)e as a result 
of tlie heat treatment. So-calh*d f^round ^ears, tai)s, hol)s. etr-., have 
now liecomc common commodities. Some materials, such as Stellite 
and sintered carbide, are too hard to be machim*fl. They are cast in 
ai)proximate size and .shaj)c and fini.'^hefl by f^rindin^;. Pou^h fj;rinilini!: 
has, in many in.stances, rej)laced rough-cutting; oj)erations with steel 
tools, and many parts are machined completely by grinding f)rocesses. 

Abrasives 

Abrasives nr cutting crystals may be divided into two general 
groups; natural and manufactured. 
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Natural Abrasives 

Sandstone nr solid ijuartz is unr nl' tin* luituiMl abrasivu stnnos fruiii 
vvliiidi ^rindstoiios anrl wlicdstnnos are sliapcMl. Thv tjuartz or cutting 
agent is relatively soft, however, so that materials harder than quartz 
cannot be abraded or ground rapidly. 

Emery and Corundum arc b()th natural minerals, obtainable in com¬ 
mercial fpiantities, having a greater hardness anil better abrasive action 
than r|iiartz. Bfdh consist of very small variable-sized crystals of 
aluminum oxide lAlJ).,). Emery contains consiilerable iron oxide 
anil other impurities which have a diluting action. Coriinrluni also 
usually is associaterl with impurities in varying amounts, which makes 
its abrasive action variable and unrcdiable in modern manufacturing. 
Manufactureil grinding wheels first were made by boniling the abrasive 
grains of tiu‘se natural minerals together by means of ceramic or pot¬ 
tery processes. As a result of the impurities in anil the nnnuniformity 
of these natural abrasives, they have been replaced by those made 
artificially, which have greater hardness, liirgei- crystals, ami more 
unironnity. Diamonds are used both lor making up abrasive wheids 
and as a iiowiler for lapjiing. Ailditional natural abrasives arc used 
in ci)nneclinn with iiulTing and lapping as discussed below. 

Manufactured Abrasives 

Silicon carbide (SiC) is manufactureil as an abrasive from 56 parts 
of silica sand, 34 parts of petroleum coke, 2 i)arls of sail, and 12 parts 
of sawdust in large electric furnaces of the resistance type by the 
(\irbnrundum Co. at Niagara Falls, the Norton C*n. at Uhii)i)ewa, 
Ontario, and many other companies in this and other countries. 

Each furniic(‘ is about 50 ft long and 8-10 ft wide. The charge is 
arraiigeil in a long jule connecting the electrodes at each end. It is 
covered with sand and heated to about 4,000° F by about 1,500 kw 
per hr. At the end of 36 hr the charge is changed to soliil masses of 
crystals which are broken u|), graded, and crusheil into grains. 

Aluminum oxide crystals (ALO.J are manufactured in the arc-type 
L'lectric furnace by the fu.sion of mineral bauxite, a hydrateil aluminum 
oxide clay containing silica, iron oxide, titanium oxide, etc., mixed 
with ground coke and iron borings. This aluminum oxide, when 
crushed, gives very satisfactory service as an abrasive. The cylindri¬ 
cal furnace consists of a steel shell about 7^2 ft diani. and 6 ft high, 
the bottom being lined with carbon. The sides of the shell are water 
cooleil and require no lining. The electrodes are suspended vertically 
into the furnace through the open top, and as the mixture is fed in 
and fused, the abrasive ingot is built up. AVheii the furnace is filled, 
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the ingot is allowed to cool. It is then cleantd, crushed, and screened. 

The value of an abrasive depends upon its jmrity, hardness, tough¬ 
ness, and sharpness of fracture. For aluminum oxide, the electric 
furnace and iiiixtiire of raw materials can be regulated to some extent 
to control these elements, referred to as temper, so that an abrasive 
can be produced that is best adapted to the various classes of grinding 
and polishing. 

The Norton Co. j)roduces several varieties of aluminum oxide abra¬ 
sive which are known as Regular, No. 38, No. 32, No. 57, No. 15, all 
Ihe aluminum oxide tyjie which are designated as A in an ASA 
standard, and No. 39 of .silicon carbide type designated by C. The 
Carborundum Co., on the other hand, has (wo princijuil varieties of 
alumiiiinn oxide: its regular for geiKTal work, anrl ty|)e AA for special 
jiurposes such as cutter grimling and toolroom wf)rk. This comi)any 
also manufactures the silicon carbide types of abrasives. The Norton 
Co. regular aluminum oxide is the toughest ainJ well ailapted for 
lieavy-rluty snagging of steel castings and cranksluift bearing grind¬ 
ing and cylinilrical work of all but the hardest steels. Tlie 38 
.\lundum is a 99 per cent i)ure aluminum oxide and gives excellent 
service for th(‘ lightest internal ainl siirfata* grinding work and for 
tool anil cutter shai-pening. The No. 19 is marie u|) of 50 per cent 
each of regular and No. 38 and is adapted for grinding almo.st every 
ty|)e of high-strength material excejit where toughness and sharimess 
of high order are ret|uireil. The No. 32 Alundum abrasive is a recent 
development in which the crystalline form is manufuctureil to form 
and size — that is, it is not crushed and screened. It is haril, tough, 
fast, and free cutting and can be used widely for heavy feeds on liigh 
s|)eed and alloy steels. AMieels of this abiasive Imhl form very well. 
The 57 Alundum abrasive is esjiecially suited for centerless grinding 
production, cylindrical grinding of steel, internal grinding, and machine 
knife .sharjiening. Imlustry re])nrts that it is also very good for tool 
and cutter grinding. Numbers 15 ami 35 are si)ecial abrasives. 

In the silicon carbide abrasives, varied f)roperties may be obtained 
through selection. The green grit is useil in wheels for grinding 
sintered carbide. Sometimes sintered carbides are rough ground 
with a silicon carlude wheel and then finish ground with a diamond 
wheel. 

As both the silicon carbide and aluminum oxide abrasives can be 
manufactured at relatively low costs and in uniform quality, they soon 
replaced the natural abrasives in tlie grinding indu.stry. The following 
arc a few manufacturers, together with the trade names of their 
products: 
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Munufariumrs Aluminum Osiflfi[A) 


AbniHivf; Cii. 

AiiuTiran ICniiTy \VhiM*l Wiirks 
Curhiirunilum ( 'n. 

Miirkliii Co. 

Norton Co. 

Prorisloii (iriruIiiiK Whrrl C^i. 
Vitrifirul VVhiM‘l (^i. 


Borolon 

Coruiidiiin 

Aloxitt; 

AliiiitJuin 
J ly-T ons 
Biinifinl 


Siliron Curb idei C) 

Fl(‘flroloii 
(^irholito 
(■iLi’hfirumlum 

(■ry.sl filon 

1jO-Ti*iih 

Ciirhiifiorl 


Use of manufactured abrasives: Silinni f,iirl)irlf, just loss tlmn tlio 
(lijimund in luinliu^ss, is viuy brilllo iiiid fur this roasuri sooins to ^ivo 
Lost rosult.s fur ^riiirlin^ nuitorials uf low lonsilo stroiitslli (boluw 
40,000 psi l sucli !is ;;rMy irun, oliilh'd iruii, brjiss ami bi’unzi*, aluiiiinuiii 
aiul ruppor, marble, ^laiiilo, i)oarl, rubbi‘r, loallior, and sintoroil 
rarbido. 

Alumimini uxiilo, tluui^li sli^litly loss haril than silioun i-arbido, is 
tuiiKliiT and fraotiiros loss oasily and, thorofuro, pvos ladlor rosulis: 
wbon ^rindiiiK niatorials uf bijib tcaisilo stronf^th (abuvo 40,000 jisi) 
snob as oarbiHi stools, alluy stoids, lii^h spood sliads, Stollito, aiinoalod 
inalloablo irun, vvruuiiibt irun, ami luiij>;h brunzi‘. 

Thoso abrasivos aro mado fur ^iiriiulin^-wbool ami lumin^^-stuno 
iminufaohiro, jadisbin^, lappin^r, and ouatin^ papi‘r and olutb. 

Grain of abrasives; Artificial abrasivos aro takon fruiu Ibo olootrio 
fiirnaoo in olustt'i’s and tbeii orusbod. Tboy ar(‘ tbon passod Ibruii^b 
a series uf siovos fur sojiaralinj!; tbo plains intu luts aoourdin^’ tu size. 
'Fbo abrasive is numbered iioeuidint*; tu tins size' su Ibai a Nu. 30 i^raiu 
roprosonts tbo size uf tbo jeartiolos that will jusl pass ibruupb a soroou 
bavins ^^0 mosbos tu Ibo linear inob, nr 900 uponinji:s psi, and bo 
retained un llu' seroi'U uf tbo next smaller size having 3 li mosbos jier 
linear in. Standard |!;riiin sizes are listed in Ttiblo L 4 . Often, for a 
particular inirpuso, a wbi'ol is made U}) uf two ur o\'on ibroo different 
l^rain size's. It is tbon e-alle-d a eennbinaliun ^rit wlu'ol. 


Bond and Bonding Processes 

In order tei make grinding wbeols uf elofinito shape ami size, the 
abrasive grains aro bold tugotbor by an arlbosivo sidistaneo knuwn as a 
bund. Six tyi)Os uf benids, vitrifioel, silicate, rubber, resinuid, sbollae, 
anil ejxyeblnrido, aro einpluyod in Ibo manufaoturo of abrasivo wliools, 
Table 1 . 4 . bbieb process is cuntrulloel to impart distinctive ebaraeder- 
isties tee tbo wbeols tee suit all cla.'^st^ lef grinding. 

Vitrified bonding process; Vitrifioil wheels are bumleel with a mix¬ 
ture uf ceramic clays and leeercelains. After the bund is mixed with 
the abrasivo, the* mixture is moleloil, elriod from one tee soA^eral days, 
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nearly ti) size, and tlu'ii fused at abuul 2,400 ' F fur a iieriorl 
id' 12-14 days, citlier tu a plass m* vitrified matrix, in kilns siieli as 
are used for firing iinttery. This prnduees an exeei din^ly stronp; wheel 
of a wide range of grailes, Table L4, and textures, jiorous but uniform, 
unafieeted by heat oi' eidil, water, oils, aeids, ete. The size of a wheel 
made liy this ])rneess is limited to about 36 in. diam. The vitrified 

Tahi.k 1/t. Till*: Meriini) Uskd td IlKsiiiNATii Abuasivk Whkki.s iw Aluminum 
Oxidj: ANii SiuruN (\\kiiiiiJ!: Ahhasivk Guains 



honded wheels are standard for almost three-f|uarters oi all grinding 
o])erations. The manufaeture reiiuires about 30 ilays' time, whieh is 
one of its rlisailvantages. Other types of lionds nre useil only when 
sjieeial eonditions are involveil. 

Silicate bonding process: The .‘^ilirate bonding jiroeess employs 
silieate of soda or water glass as a iwinripal ingredient of the bond. 
The mixture is tamped into a mold, whieh, alter lieing dried, is sub¬ 
jected to a temjierature of 500"" F tor 20-80 hr. I his process is 
eoiujiaratively rapid, and special wheels may be made in a few days. 
The wheehs are dependable and the baking process easily controlled. 
AVheels of any .size up to 60 in. diam. can be made. Tliese wheel.s are 
superior for tool, knife, and similar grinding, where only a small 
amount of material is removed. On account of its free-cutting action, 
less heat is generated, minimizing the danger of drawing the temper of 
the tool. 

Elastic bonding process: The elastic bond con.sists e.5sentially pf 
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.slu*II:ir wliirli is inixi-il witli tin* jibrusivt* in n .sli'iiin-lii'iiUMl 

inixinf^ iinii'hiiu'. 'Flic is i'uIIimI di- j)rpssi‘il tn sliiipi- iinii tlu*n 

|)lKci‘rl in siind nnil hiikcMi rni* ii \v\\ limirs at a ti’mi)i‘raluri' of api)rnxi- 
inatuly iRK)"' V. Whci'ls iinnli* l)y this prufoss IniVL* cuiisiilLTahlu 
(■lasticity anrl iiro suitaldc \v1ht(‘ thin, soft wlu'i'ls an* roijuired, as for 
futtiiiK-nff whui'ls fnr hi^h-iairhnn nr hi^ih s[)(*i'il stni'ls witliout dis- 
(jnloTatinn, nr whi-rn a finish is ncrnssary, as fnr hall-rare grinding. 

’^rAiiiiK ]Ji. ’’riiK Miri'iiru) ITsKii Ti) Dksiijnatk AiniAsivK Whkisi.s of Diamond 

Guains 


WHEELS AND OTHER PRODUCTS 

Exc^EPT hanp hones 

L Z. 3. 4. S. 6. 7. 



HAND HONES 

Hand honoB are marked with the grain bIsb, bond typsiBnl diamond depth. No grad* 
or diamond oonoentratlon markings are shown. 

Rubber bonding process: The rubber bond is inire rubber tn whieh 
is added sulphur as a vuleanizing agent. The abrasive grain is spread 
between rubber slu'ets and thnrniighly worked into the rubber by roll¬ 
ing between hot rolls until a wheel of the required thickness is obtained, 
after which it is A'ulcanized. Very hard and tough wheels, as thin as 
0.(H)5 in., are produced by this jn-ocess. Their strengtii allows them 
to be niu'rated up to 16,000 surface Ijun, whereas vitrified wheels 
normally can ojHTiite only up to 6,500 fpin. These thin wheels may- be 
used for cutting off steel tubes, formed sliapes, and bars, glass tubes 
and tungsten rods, grinding grooves, or where severe service or a more 
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flexible wheel is requiretl. Thiek rubber wheels also are used for 
snagging steel and iiialleable eastings and as regulating wheels on 
centerless grinders. 

Resinoid bonding process: Hesinnid-boiuled wlieels are made up by 
mixing the abrasive with synthetic resin in powder lorin together with 
a liquid solvent. The mixture is then rollt'd or pressi'd to the shaj)e 
vlesired and baked for a few liours at 40U-5(X)" F to hardt'ii the bonil. 
U'lieels bonded with synthetic resin, such as Hakeliti* and Hedmanol. 
are used for ])urposes which require a strong, free, and fast-eulting 
wli(‘el, such as higli-si)eed, cutting-off at U»,0()() fpm. and snagging 
wheels at 9,500 fiuu, and in finishing cams and rolls which n‘quire a 
higli finish. 

The Norton Cn. Nur/lex abrasive wheels and slicks are of thn-e 
kinds, having fiber resinoiil, re.<ilient rubber, ami eurk lesiiioid bonds. 
They arc used for debiirring, finishing, and polishing in which only a 
small amount of material is ri'iiiovi*il to provide a high surface finish. 

CIkinoixo 

Grade of Grinding Wheels 

(Jrade represents a measure (d‘ stiaaiglh of (he iioiul or tin* cohesive 
force ex(‘rcis(Ml by the bond to relain lhi‘ grain in ils set ling. \ series 
of grad(‘S is as imi)oi'laiil as llu* size of grains to meet I he many ri‘*|uire- 
ments of practice, ^^du•els are graderl from vriy soft to vi*ry hard by 
letters nr numbers. These gradings are detennineil by measui'ing tlie 
resistance offered to a tool resianbling a sboii screw ilriver as it is 
lU’Cssed into the wheel arnl twisterl. Tin* resistance is enmpared with 
that of a te.st wheel of kimwn graile. A wheel which is too soft has a 
bond of insuffirient strength to hold the cutting partiides to the fare of 
the w’hccl until they have become dulled : an exeeeilingly liard Avbeel has 
a bond which retains the abiasive too long after it has become dulled. 

Recently all conqianies manufacturing abrasive wheels havi‘ aiiopted 
the ASA B5.17, 1949 Stainlanl .shown in Tables lA ami IR, tlie former 
for general wheels ami the latter for diamond wheels. The first 
number usually indicates the company’s designation of abrasive, while 
at the end of the symbol the wheel manufacturer is at liberty to 
indicate his private code. 

Structure 

Tlie stnietiire or grain spacing of vitrified homled wheids, irlentical 
in grain and grade, may differ, Fig. 1. Striirture 1 of the Norton Co. 
has the largest number of abrasive grains and the least amount of bond 
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per cubic inch of volume, while structure 12 represents the reverse 
condition, Table lA. The close spacing allows the wheel to break 
down rapiiJly, thereby imparting a free-cutting action. Some types 
of wheels are produced in only one structure, in which case the struc¬ 
ture number is omitted from the syml)cjl of the wheel. 



Tii;. 1. Till* Arraii(,ji*nirii1 nf (hi* Abnisivi*. (Iniiii iiinl HihilI in Wlii*i*l.s nl' 

(iraiii Sizr aiiil (iniili* In PriMliiri* DilTm'iil, Shui'liin* iinii Pnrnsily. 


Wheel Shapes 

A series of nine wheel shapes, as eovercil by (he Siinplifieil Practice 
Hecommendation, has been adupteil as stamlard by the (Irinding 
Wheel Manufacturers Association. They are referred lo by number. 
Fig. 2. Each is made up in a wiiie A'ariety of sizes. Three standard 
corn's, fiMir plugs, anil three side-reli(‘ved wheels arc iiicliidiMl in the 
standard, but not shown. 

There a?’e Iwi'lve standard shaiies cd grinding wheel faces. Fig. 3, 
each shaire being referred to by letter, 'riu* rnimd and ))i‘vel-faced 
wheels are used generally for gumming and sharpening saws, grinding 
molding cutters, etc. ^^'hell no shape is mentioned, type A is furnished. 

Built-up wheels are used when large grinding wheels are rer|iiired. 
Abrasive blocks are lu ld by wedges and bolls to a metal wheel. These 
wheels can he made with faces up to lo in. width and 72 in. diaiu. to 
replace the old-type sandstone wheel. Disk griiuling wheels are 
sometimes hiiilt up hy gluing an abrasive cloth to the face of a met id 
disk, or by holiling abrasive wheels up lo 3 in. thick on the metal 
disk by anchor holts which engage lugs imbedded in the back face of 
the wheel. 

Pulp stone wheels ui) to 07 in. diam. and 54 in. width arc made up 
by clumping and cementing interlocked rows of abrasive segments 
to the perijihery of a metal drum or by long bolts to the metal hub of a 
cemented core. 

Mounted points are imuK in a wide varii'ty of shapes and various 
abrasives for use on portable machine.^ of either the flexible shaft, 
compressed air. or eleetrieally driven type, which are iieing u.*<ed exten¬ 
sively in dental work and in finisliing dies, metal jiatterns. etc. The 


Fig. 2. Standard Hliapi^s of (Iriiidiiig Wlntiils. lI)i*|»L i)f (^nnmi-rnn, "Simplified 
FisiPlice llecimimendatiims,” H-ir)-47, .Inly I. l!M7j 


alirasivf! jmints may l)i‘ fixml to tin* oiiiJ ol small stool manrirols or tlioy 
may l)o inton haiigoabli* on tlu* mamlrols. 


Designations of Grinding Wheels 

I'^vory wliool should bo dosit^nated liy its. size (diamotor, thioknoss, 
ami boro), shape, face, abrasive (vvliothor silirnn oarbido or aluminum 
oxido ) , bond, grain, and grade. 

The pruduot of oaoh wliool manufacturer boars markings confonn- 
ing to that company’s individual standard. The Thorton Co. desig¬ 
nates a wheel as shown in Table lA with the shape and face given 
in P'igs. 2 and 3. Including bond and structure characters, the 
Norton Co. wheel marking for grinding steel and Stellite tools and 
milling cutters is illustrated as 3BA46-K5\TVE. This wheel is used 
also to point drills V 2 in. diam. and larger, back off reamers, sharpen 
taps, surface-grind dies, and for internal grinding. The 38 represents 
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[hv Xortim i'n. 38 alinisivi;, A is lljc ASA sljiiifliUil for iihiininuin nxirli- 
lAlJ);,) iihrasivr ((' wiiiilcl iinlirali; siliiuii carhifk', Si(’), 46 ihv, si'ain 
.sizi‘, K till' ;i;railr, 5 tin; stnirliiri', anri VliK llii; vitrifii'd borul. F(ir 
nffhand tonl i^rindint*;, an A46-N wlicid is satisfaclnry. This means a 
regular alundiini abrasive id' 46 grain, N gratle, nf regular vitrified 



bond. Fur keen [inisbing, a finer grain, siieh as 80-100, is iiseil. 
Further exani]d(‘s are given in Table 2. 

These same wheels with perhai)s a liner grain and/nr a slightly 
sid'ter grade wuuld serve fur surface or internal grinding. 


Selection of Grinding Wheel 

C'are must be taken in selecting the pruper abrasive, gradi*, grain, 
and bond for any job. due slmuld acijuaint himself with the litera¬ 
ture of the manufactuj'er. It is often tin* best jiractice, in purchasing 
a wheel, to give the manufacturer a description of the job and condi¬ 
tions for which the wheel, is intended and then let the manufacturer 
select the wheel. If one wheel has been iisc'il with satisfactory 
results, it is well to duiilii'ate the first order by rei)eating the wheel 
specifications reconied on a tag furnished with each wheel. 

Many factors have a bearing on the proper wheel selection, such as 
the material to be ground, whether hard, soft, heavy, or light; the 
accuracy and finish reipiircd; the type ami condition id‘ the grinding 
machine; tlie shajie anil size of the work; the nature of the grinding, 
siieh as internal, external, surface, or cutter gi-inding; the arc of 
contact, whether small or large; and whether the work is to be done 
wet or dry. 
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Iablk 2. Guidk foh feKLEcriNri Abhasive Wheels for General Cylindrii'al 
Ghindini; (jf Average-Size Tieges 


Syiubols an* tliDse rjf the Nurtuii Cn.* but eumvspiiiiLliiiK whi^ds uf olJier 
ennipiiiiirs an* eoiisidi'retl to bi* equivalent .f, X 


.lob nr Melal 


Xiirtiiii Gn. 


Aluiiiiniiin§ 

A 1 11 i a Ui res i laiuiiiiite.d) 
liriiss 

Ih'oiize (soft) 

Bronze (hard) 

Cams val\a> (east alloy) 

Cams dislribulor (hanleneil sli-el), rou*rli jiml linish 
Car wlieids: (-hilled iron 
( -arbcm st eel 
Mangam\si' st eel 
Cast iron 

Chromium plating: Commenaal finish 
High finish 

('Omniutaloi's, rough and finish 
(dipper rolls 

t Uaiikshafis (pins and liearings<, rough and finish 
I'orgirigH (steel ) 

Monel met id 
Niekel 

Xilrtilloy Inilrided steel): Before nilriding 
Af(4M- nit riding 

Pist.ons (aluminum^ alloy and east inni): f^-oduelioii 
Begriiiding 

Biibbt'r (sofl and hard ) 

Snagging easlings: r),(K)n fpm 

7,f)(K)-!l,rjtK) fpiii 

Steel (carbon, alloy, and high speed): Hardened 
Soft, 

Steel (stainless) 

Stellite 

Toids, lathe, simpler, fdaner (Stellite, high spi‘i*[l, anil 
carbon steel): lioughing 
Finish 
Extra finish 

(Sinterial carbidi^): Roughing 
Finish 

Tools, drills (carbon and high speed slreli: Shanks 
Pointing 

TimiIs, milling cutters (high speed steel) 

(Sintered carbidiO; Houghing 


Finish 

GriiiLling chip bri-akers 


37C3l)-Ko\ii 

r)7A3ti-].r)VBi‘:Ti 

37C3fi-KoV 

37(‘3r.-K5\^ 

o7Aol-KrjVBE 

A701-()HB** 

57AS0-Mr)\Bl': 

37( ^2 4-1^414-7 

A2n-prA'BJ': 

A1I)-QS\'BE 

37C3(l-.ir)\ 

A1(K)-.I7VBE 

A50()-10E 

37CIK)-Mli: 

37(^1()0-I!)V 

A.M-OriVA 

57Alli-Mr,VBE 

37(UK)-.I8V 

37(Mfl-Mr)V 

32AlKI-Kr>VBE 

37C100-I8V 

37( '3()-Lr)V 

37(Mli-K5V 

37(^24-KriB 

A2(M)r)VBh: 

A1 MlfiBo 

32A(iO-Lr)VBF 

r)7A5l-N5VBl-: 

37(’4(i-MoV 

32Af»()-Kr)VBE 


A3fi-0r)VBE 

A(>()-N5VBE 

37(Vr2n.fSE 

3 !)C-fi()lV 

3!)C-lfK)llV 

Aril-NoVBh: 

3HAlf)-K5M41‘: 

3SA4(i-KrA’BT': 

3 UCH()-. 17 V, or 

3 ! 4 (’ 1 (M)-II 7 V 

DHM) to IfinldWlB 

DKK) to loOXlOOV 


• Set; Gririt/inu Nnrldii tJn.. iiiiJ utlii-r Nnriiin t.'n. litiTuMirir. 

t 8 l*r OraditigH uf Carborundum and AlnxHe WhreU far AU CtmtHFH uf firinding, by llii* ClHrbcjriinfbiiri 
Cii.. anil iitliL'r rjirliurunrliiiii t'u. litiTatiirr. 

t liti;ratiiri> of Abrasivp t'u. Kl~ -Elprirtibin fNilif-nii purtiirli-j. Hu -Hurnltin (nliniiiniiiii nxiilp). 
is important timl a s|ini;ial Kriiiiliiiic ruiiijiiiuinl In- sfliM'ti>rl fur ulMiiiiiiuiii in nnliT tu pritvi^ii 
luiiiJinK of Ihp wIiRpl farp. 

!1 Tor tliis whiH'l, V is Sit’ tNurbni Cu. Nu. ‘Mi alinisivp; :!() is sizr; K is Kriiiliv, Ti is stnirturn; 

ami V is vitririPil lM>nrl. 

~t7A hi Nnrtrni (’u. Nu. Ti? fAliiiiiliiiii) Ahtl^ :ibrii.Hivi‘; .'Ui uraiii; L Rrmlr; 'i Hlriinliiri:; uinl 
VHE vitrifipil HE bund. 

Kiinils iiri; B, V, and VHIC, VitrifiLMl; S, Kilioate; U, Rubber; B, lliisiriuid; E, Sliplliif; or l';iiislip; 
and n, MIll'llL'sib*. 
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Tlie tli(M)iTtij‘aIly perfect wheel is coarse enough to remove stock 
with sufficient rajndity, fine enough to eliiiiinate undesirable scratches, 
soft enough when ilriven at a projicr speed to allow the dulled grains 
to he dislodged because of increased forces incident to their own dull¬ 
ness, and hard enough to prevent overrai)id breaking down or wear¬ 
ing away of the wheel. 

A few general rules may be summarized as follows: 

1. kScliM-lion of iihoisivr* us ilt'SiTihr'il iinili'r f.sf. 

(rO Aluiiiinuiii nxirlf on iinih'iiids nf O^nsilp slrniKth. 

(/)) Siliron un iii;il(*rials of low (f'nsilc 

(r) DiiLiiiiiiiil fill I'xl ifiiii'ly liaril in;ili*ii:il.s .sm-li .is sinii'iiMl [■;irt)idG. 

2. 8nl(‘r‘lion of uoiiii. 

(n) (^jiirsc Kiiiin for fnsi rpiiirniil of miilpriiil. 

(1) ltonp:li uriiiilin^: li<‘;ivy work. Nos. 2-1-00. 

(2) 'J'ool ^riiiiliiiK iiiiil iiii'rision work. Nos. ai>-l(H). 

(b) Piiii' irraiii foi- tiiip finisli I'Xi-i'iil in soini' in.u liinr' ^rinilinu oiii'oilions. 

(1) Pur irriniliiifE pri'rision iiarls, tiidls, finp-i'il^p work, ciilI'li-., Nos. 

00 iiriil fini'i-. 

(2) I'’or oilslonn.s, kIji.ss whffds, hiiHin|.i;. liUipiiiK. l'Ii*., Nos. 200 ninl tini’r. 

(r) Cuiii'isn ^riiin for ilurlili' irnili'iials. 

ill) riiip in'iiin for luird, dniisp, or tiridlo nuLlpriuls. 

3. Spli'plion of K*'iidn. 

(rr) llnrili'r wIippIs on ,sofl iinilpiials, sinall iirra or iirr of roiiltirl, liipli woik 
sjippil, safply on niarliini'.s wliiidi viluMli', and for prmliii'linn work. 

(f)) Sofipr wliPpls for lii^h wIicpI .siummIs, ami wlipii iisnl hy skilli'il opi-ralor. 

4. Scli'i-tion nf boini. 

(r/) \'ilriruMl liond for mosi fspiinral work al sppi'ds imiinr G.5U0 .sf]iiii. and 
riildipr or ri'sinoid whi'pls a( hi^lior spppds. 

(0) Siliralc hoiid for wIippIs over 36 in. diain. and frop culling to ri'])lai‘n 
sanilsloni's or for small lool or I’lillpry ^rindini!;. 

(r) iSludlar or iiililipr bond wiu'ii siibjpptpd in siaious bpndin^. 

(t/) kSliplliU', ri'siiioiil, or nibln-r bond for tliin wIippIs for sowing nr pronviny: 
nr for Nip lii'sl iinisb. 

(c) Publipr find ipsinoid for liipli-siippd .smippiny: uf laslings wIiimp tin? wIippI 
is oppriiU’d iibovi’ 0,500 sfpiii. 

Resinnid-bnndeil wheels, using diamonds as the abrasive, are avail¬ 
able in three grit sizes of No. 1(K) grain, 220 grain, and 320 grain. 
The 100-grain wheel is used fur the rapid grinding uf sintered-carhide 
tools; the 220-grain wheel is used for lapping o|)erations to produce 
keen cutting edges on carbide tools in a iiiiniimiin time; and the 
320-grain wheel is used for hipping where highly finished surfaces 
and very keen rutting edges arc desired. Diamonds are also metal 
and vitrified bonded. 

Proper Conditions for Grinding 

Several elements are involved in the successful use of the Avliecl: 
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1. Thr? whppl, its shapp. sizp. iiiul m:ii-lviii|£. 

2 . Tlip rnalnrial prouiid. its typp. sizp. jiiiniiiiii i<j hr rcMiuivi-il. anil tin* lipsirt'il 
finish. 

3 . Tilt* pprijihrinl 1*111^11^ sppt'il nf tin* wlipt*!. 

4 . Tlir* typp nf jcrintiiiiK, such as ryliinlriral. inlpriitil. siirfan*. nr nlTliiinil. 

5. Arr nf funlact or ralin nf ilitmii'l ims of llu* wIu'pI anil work. 

0. The perijilipral spnial of Ilit* wnik. 

7. Thn nnss-fi'i'd or Iravrrsi* of llu* wluil aiross llu* work. 

8. The in-fi'i'd nr doplli nf ruL 

(irimliiiff-wheel peripheral speeds aw spcM‘ifii*il iit ;ipiinixiiniili*ly 
niu' inilf piM' niinutp for pxIci'iimI and internal tiiiinilin^ in the iarp:i'r 
liole sizes. Faster \v1h*(* 1 sjietals cause harrier actimi nf the wlu'el. and 
slower wheel siieeds cause softer action. Wheels that [ire 1 ither too 
soft or di'i\'i'n too slowly liri'ak down [inil wear aw:iy rtipidly. \A'hi‘i'ls 
lliiit are eilhei' loo harrl oi* driven too fast burn the woik or i':iiisi' the 
wheel face to bi'conie lositletl with thi* inatiadiil lait. or both. A sid‘t 
Clause wheel with a jrai'row face operating iiinler a copious supply of 
coulaiil is best on ^’ery soft uietals like lirass anil cojipt*]'. 


TAHLii: 3. SeiiCAei: ScKi'a>s in Vva<:t vvm Mini tk for (Iuinoim; as Rkcom- 
\n-:NnKn hy tiik NoirroN Cn. 


Tvpi* of (irindiii({ 


['iirlarc Sprcils, fpiu 


Cyliinlririd isrirnliii^ 

Tnli'i'iiiil ^rindiiiK 

SiiiLK^iii^, offhand t;riiiilinK rvilriricil whi'cls) 
SiULK^i^ini' (rul)hi'r :iiid |•l^Minoid wticrl.si 
Surfarc ^rilnlill^; 

Knife ^rindiii^ 
ll(‘mniiii[2; l■ylind^‘^s 
Wet tool Ki-indinj; 

Cut I pr grindiriK 
CJiillcry wlipcls 

Rubber, shclhir, and rpsinoiil rulliuK-off wliprl 


a,a(H) 0,500 
2,IKK) ti,000* 

5,000 (i,5(M) 

7,(MM) !l,r)fM) 

4,0(M) 5,(K)0 

3, ri00 1,500 

2, KM) 5,000* 
5,000 (i,(MM) 

5,000 f),0(M) 

4, (MK) 5,0(M) 
!),rMK)- I(i,(MM)t 


*'I’liis hii:lii'r hiiimmI is ri'criniiniMiiii'rl riiily w'lirn* .•suitiiblc lir!iiriri(r.« urr- fMi|ilriyi-rJ. 

t Iliulii'i- spf-fil riM-.iiiiiiin‘iiili:(l unly wl»m- ln-ariiii£s, pruli-rfii»M tli-vici-s. urn] iriar-jiini' riKiility are 
acli-ipiiiM*. 


The surface speeds listerl in Table ,3 may be niorlifieil to suit par¬ 
ticular conditions to get liest re.sults. Many ^rrinrlinK inacliines have 
hut one rotating speed of the sjrindle so arranged that a new wheel of 
specified size has a surface sjieerl slightly above, and that of the worn 
wheel slightly below the normal. Other machines have two or more 
available spindle speeds so that the rotating sjieed of the wheel can be 
increased slightly as it wears to a smaller diameder. This practice lias 
led to the general use of more economical wheels of large bore. 
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In cyJinrlrical grinding, tlic work peripheral speed i)r()du(5es a 
greater influence than a corresponding change in wlieel speed. The 
following peripheral work speeds are recommended: 


Sici'l sliufis 

Iiuril-sli‘L‘l rulls 

ChillfMl-iriin icjIIs 

Casl-irrjn aiiluinubilL* lustoriH 

Aiilnriinliili' n‘:inksli;iri hr‘iiriii|rs 

Alll iJIlinhilr L;r;ilik.s|i;ifl pillS 


50- 55 sfynii 
80- 85 .sfpiii 
80-200 sfpm 
150-4(K) sfjJin 
45- 50 sfpni 
35- 40 


For roughing |)ur|)oses, the work spciMl .sliouhl be increased slightly so 
MS to crowfl inure nietal into the AvheeJ, niiikiiig the wheel function as 
tliough it were of a softer grade. In finishing, the work s]U'i‘il sliouhl 
he less to iniike the wheel function as though it were harder. If Ihe 





4. 'I3ie Art! (if between llie Wnrk Jiiul (iiiiiiiing V\’hei*l lur Si‘vi‘rt»l 

('i)nili(iriiis of (iriniliiii;. 

'I'lii* iin- Ilf I'liiitiirt (EniiliiiLlly iiiiTiMiHi'^i from li'ft tii riislit in tlip fniir illiislnitifiiis, wliiijli ri'pri‘Mi‘nt 
ryOnilririil-icriiiiliiiK KiiiiLll-iliariiclrr work, ryliiiilrii'iil-Krinilinf; lurKr-iliiiiiii-ti'r wiirk, Hiirfiirc' KritnliiiK. 
mill inUiniiil KriiiiliiiK. 


wiieel acts lianl, increase the work sjieed or retiuce the wheel speed. 
On large-diameler work, the contact betwei'ii the wheel anti work is 
larger and, therefore, the surface speeil of the work shoidd be higher 
than when the iliameter of the work is small. 

The graile of a wheel is tlejn*ntleiit on the type of grinding Viecause 
of the arc of contact involveii, as shown in Fig. 4. The wheel wouhl 
react as one of lianler graile in each of the successive oiierations from 
left to right as the art* id' contact is iucreaseil. As the contact between 
the wheel anil work becomes greater, a softer wheel sliouhl he selected. 

Ill rotary surface grinding with a cup wheel, Fig. 37, considerably 
more wheel surface is in contact with tlic work iluring the cutting than 
in cylindrical grinding. For this purpose a wry soft bond and eoarser- 
graiiieil wheel is usetl. Similarly, in surface or face grinding, a smnll 
or narrow contact hciweeii work anil wheel requires a harder wheel 
than for large area of contact. 
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For nuijih ^rriiiciin^, tin* traverse nl' tlir wnrk iir \vln‘cl sliuiilil Ix' 
than Inr finishing, vvvn up hi (lit* wiiltli ul' llir wheel fare per 
reviilutiiin nf the work. The narruwer the fare uf the wheel, the 
sliiwer shiiuld be the traverse and the faster the wnrk revolution, both 
wlien roughing and when finishing. 

Safety of Wheels 

Safety in roniUM-tion with the use of abrasive wheels is of great iiii- 
portanee beeaiise of the high perijiheral sjieeds involved. Tlie Anieri- 
ran Standards Association has ajipi’oveil a safety code whicli has been 
iido|)teil by the grinding-wheel inanufacturers of the United States anil 
Uaiiada. 

('are sliould he exerciser! in mounting abrasive wheels. They 
slinulil he sup|)orteri on the sinndle with as close a fit as possible, using 
husiiings if necessary. Thi‘ outer rim of flanges or collars shoidil beai‘ 
against the wheel. A soft pa|)er or thin ruliher shouhl be inserted 
between the flange and whiad so as to provide a uniform bearing pres¬ 
sure. The inner flange shouhl be secured to the spindh‘, and the wheel 
should rotate true relative to its surface, and be in balance on the 
shaft. All wheels aw tested at the factory for spiaal to make sure 
that they will oiierate safely at speerls consiilerahly higlier than those 
of normal operation. A wheel should havi* a hell-like ring wiiiui stru(‘k 
to indicate that it is solid and free from cracks. 

In e\'ery case, an abrasive wheel .‘^hnuld lie well guarded so as to 
prevent acciilents from Hying particles as well as paits of a broken 
wheel. As far as service jiermits, lioods should cover the wheel, and 
in no case shouhl the maxinuiin wheel exposure be graaiter than 180 deg. 
Work rests shouhl he rigid and located within Us in. from the wheel 
face to jiri'vent work from being caught between the rest ami wheel. 

Dressing and Truing Grinding Wheels 

The face of a grinding wheel should be kept sharp anil clean so 
that newly fraclurerl crystals are jiresent to act as cutting tools. 
Mdieels often become loaded with soft materials being grouml or become 
.smooth and glazed where the wheel action is too hard. The face of 
the wheel shouhl be dre.ssed or trued freijuently. 

The dressing o])eration consists of breaking off the dulled outer 
surface of the wheel, altliough it docs not insure a true cylindrical 
shape or straight face. Several type.s of dressers arc available for 
this purpose. Revolving metal cutters, Fig. 5, con.sist of stars anil 
disks. The heel is hooked over the front edge of the work rest, or a 
straightedge temporarily doweled to the face of the work rest, as 
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sliown, while being wnrkiul slowly back and forth amiss tlie face of the 
wheel. Abrasive brieks or sticks are sfinietiines rubbed across the face 
of the wheel to remove dull abrasives. The Metcalf small abrasive 

wheel rotating freely on a s|)iridle wuth 
handles at each end is forced against the 
face of the grinding wheel at crossed axes 
and traversed slowly four or five times 
with an in-feerl of 0.002 in. for rough work 
to 0.0005 in. for fine finishes. Sometimes 
abrasive wheels, operated at high sjieed by 
a small electric motor, are hehl against the 
whe(‘l tf) be dre.ssed. Long thin tubes 
filled with bomletl abrasive, as tlie Diamo- 
Carbo, also are maile for liand or machine 
use in the drtjssing of wheels. The abrasive exteiuling slightly beyond 
the tube is pj'essed against the wheel to break off the dulled grains. 



Fig. 5. A tluiiil-OiiiTi-iiUMl 
Ili;vrilving-Mptiil-t 'ul li'i -'l'yiu^ 
Whuiil IJrc.ssi‘1- ill ( 
l^isitioii. 



l^iii. fi. Two "Pypivs nf Diiiiniinil Nibs Furiiishtnl by tlu^ Slaiulaid Diumniid Timl 
Gui')i. iiiiil II Mrlhiul Ilf Miiuiiliiig (lie DiiiiiuinJ. 

Dressers are sometimes usi'd on large wheels for iirecision work, Vmt 
only when they are clamiied ligidly to the machine. 

Truing is usually accomplished by means of a diamond-iminled 
tool. The diamond is imbedded in the end of a soft-steel rod or nib. 
Fig. 6. The rod is held rigidly in a holder on tin* work carriage of the 
machine and should point 10-15 deg below the center of the wheel, 
Fig. 7. The diamond is slowly traversed across tin; wlu'el face, taking 
a very light cut of O.UUl in. or less per jiass under a cojiious siijiply of 
coolant. The size of the diamoiul should be in jirojiortion to that of 
the wheel on which it is to be used. A %-carat diamond is ri‘com- 
ineiided for use on a wheel 4 in. diaiu. by Vi-in. face, while a 1-carat 
diamond is recommended for a 12-in. diam. wheel with a 1-in. face. 

The Carl)idoy Uo. truing tool u.^imI for finish dressing wheels has a 
point consisting of many small diamonds firmly imberlded in sintered 
carbide. In use, the rod is rotated 90 deg periodically and can be 
used up entirely. 

Grinding with crush-trued wheels is now becoming general practice 
for grinding threads and intricate contours. Crush dressing or truing 
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is a process of shaping an abrasive wheel face with a steel roll, either 
hardened or soft. This practice is applicable to all types of grinding 
operations. Forms or contours j)roduced on the wheel face can be 
transferred to the wtirkpiece liuring a ])luiige grinding operation. The 
crush dresser, Fig. 8, made in a con¬ 
venient size up to 4 or 5 in. in diam., 
is fed against the grinding wheel witli 
pressures varying from 100 to 500 
Ih per in. of wheel witltli. This nat¬ 
urally rerpiires strong, rigid material. 

Crusher rolls are often made of hani- 
ened, high sjjeed steel. They are care¬ 
fully ground to the exact profile 
desired on the finisherl work, anil they 
operate against the wheel at 150-300 
fpm. Surface finishes of 20-25 micro- 
inches, r.m.s., are common. (Irinding 
oil, such as a blended suli)hurized 
mineral oil, prevents the wheel from 
chipping d\iring the crush truing, and 
it is also more satisfactory than emulsions when grinding i)reiusion 
surfaces, as it reduces the crusher wear, keeps the wheel face clear, 
helps maintain the wheel form, and promotes a high surface cpialily. 

POLISHING 



Fi<;. 7. DifUinmd Nib Siippnrl nd 
in :i 11 elder in\ ilii* "riiilslenk (Jcii- 
ter Ilf u Gylindrinil (5 rind it fur 
Truing Abrasive W heels. 


Definition 

Polishing is the operation by which coar.se scratches or toolmarks, or 
rough surfaces left after foi-giiig, drawing. r[)lliiig, ctr., are iemo\rd 
with a polishing whei‘l. The ahrtisivc* grains are set up with glut* or 
thermosetting resins on the Ijicc id the jrolishing ^^heel uliich has more 
111 - Ic.ss flexibility. Alanufaclured grains for polishing are given an 
acid etidi to roughen the surlacc and thus increase the holding action 
of the glue. 

Polishing may he ilivided into three steps which are knoun as 
rough ])o]ishing, dry fining, and finishing or oiling. The abra.sive 
grain used for roughing usually runs Iroiii Nos. 20 to 80, for dry fining 
from Nos. 90 to 120, and for finishing or oiling from No. 120 to the 
fine flours. For the first two steps, roughing out anil dry fining, 
ahrasive-coated polishing whetds are generally used rlry. For fini.shing 
or oiling, wheels worn down a little arc then coated with stearic acid, 
lallow, oil. beeswax, or manufactured greases to lubricate and prevent 
overheating and loading. Wheels coated with the finer emery work 




534 


GKINDING, POLlfcJHING, BUFFING 


well with grease. Additional abrasive mixed with hard grease is often 
added periodically to the face of the wheel to give a better finish, so 
this step is partly polishing and partly buffing. 



CourtMy Norton Co, 

Fiu. 8. A RuIIit CrushtT Mtmrited in a lligid Huppnrt Still in I’uHitiun after Crush 
Truing I hr Face of tin* Whrtd in a Cylindriral Grinder. 

At tliL* liottuiii till' wurkpii'iM' w hIiumii uftfr Iuhiik Kroiind with the rniiih-tnind wiieel. 

To prepare a nmgli forging for plating might require all three steps 
of polishing. The first or even second ])olishing step may be omitted 
on some smooth objects or soft materials. Many steel or nonferrous 
metal |Uirts are given a liigh luster without being plated. The final 
high luster or “ color ” on a part before and afler plating is usually 
obtained by a buffing operation described below under Buffing. 
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Polishing Wheels 

FjMrly wlu^els used for polishing consisted of wooden disks fiiceil 
Avith Jcather and turned to fit tlie form of tlie jnece to be polished. 
This type of wheel is still used for flat surfaces or on work where it 
is necessary to maintain square edges. Variims other types of wheels 
MIC now in common use which provide faces of varying flexibility. 
The cutting action is freer and the life of the wheel is prolonged by 
making the wheel face flexible, although formed faces are maintained 
by having hard wheels. 

The compressed wheel has a steel center, the rim of which hohls 
tlie laminated mutcrial placed cro.sswise to form the wlu*el face, as 
shown at C, and Z), Fig. 9. Leather, canvas, linen, jiaiier, felt, 
rubber, etc., are used extensively for this purpose. This wheel is 
strong, durable, and easily kept in balance. It is a precision indishing 
tool and can be used for nearly every jnirpose. Its face can be formetl 
to fit contour surfaces, ami its cusliioii and rlensity controlled. This 
type of wheel lasts almost indefinitely. The compressed<canvas 
wheel is used extensively in pidishing cutlery, flatirons, shears, skates, 
golf-club lieads, and automobile parts. The compressed-leather 
wheel has its field in the initial oj)eration on flatirons, cariienter’s 
chisels, axes, etc. The compressed-felt wheel is best where a high 
color is required, such a.^ on small tools and surgical instruments. 
The compressed-paper wheel is adaj)ti‘d to rough wear. It has little 
flexibility and apiiroarhes the action (d‘ a griinling wheel. 

Wheels are built uj) of disks id* hufl'alo hide, sheepskin, or bullneck 
leather, or soft materials, such as felt, cotton, canvas, and muslin. 
Wheels built up of cloth disks are loose, stilched, or glued, dei)ending on 
the resilience or pliability required. Walrus liiile froin b* 2 in. thick, 
more porous and softer than leather, is sometime.s usimI to make small- 
diameter fonned-face wheels. Tliese wheels are used extensively for 
polishing as well as for buffing. The compress-canvas wheel replaces 
walrus hide in larger sizes. 

The solid canvas i)olishmg wheel is made uj) of full disks of canvas. 
The wheel may be cnnstructed by gluing each disk to the next until 
the entire face wiilth is formed. In an alternate method canvas 
disks are laid up into sections of about Vi ^^*^^1 ‘spirally machine 

sewed in Vi-iii- rews. The sectinns arc then glued together to the 
proper width. The less glue in the wheel, tlie softer it will be. The 
different degrees of softness are obtained by varjung the number of 
canvas disks put into each section before the sections are glued 
together. A flexiblized glue containing a softener, such as glycerine 
or cugenol, also is used to make the wheels more flexible. Iron flanges 
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I'lii. !). riiliKliing anrl Huffing llnoni ol' Ihi' Miirliino "rnnl Liifinratnry. 

Twt) J-wliri'l ('l(<v'i'l!iiiil Ariuiiluri; VViirks l-lip 1,HOO-r|iiu, ilirnut ini)ti)r-ilrivi‘ii polishing nnd huffing 
stands iirc slniwii with I'xliiiusI giiuniH. Tlir wheels on the machine frniu fmiit tn rt^ar an*. al F, a 
Nil. H(l Kraiii ni>| ii|i ihi a liaril fait. wIiim'I; a No. 1*20 Kraiii srI up iiii .wpimlly nhwimI (‘iiiivaH ili.sks itIhimI 
liiiEi'llinr; at f/ a Nii. 120 grain Hi't-iip gri*aHi* wlii*<*l iif glued Mpirall>‘ sewiMl raiivas seetiiiiis, used with 
Nil. IKO grain luiiery r;ake siiiiwii ini the guard: and a full-disk luilT iif miee-sewed seeliiiiiH used with 
'I'riiMili niiiipusitiun. 

Variijus polishing and buffing wheels are sliiiwn im tin* heiieli and wall rarks as follows: 

A. Id-in.-diain. i;luth-llex inilisliiiig wheel of glued seetiiiiLs of sewed piereil-lnilTs with glued canvas 
lower anil li-in. steel side |)late.s. 

ft. Coiiipress e.anviis pulishing wheel with 2-iii. l■us|lilJn, iiiedium density. 

C. ('iiuipre.s.s fell polishing wheel of 2-in. eiisliinii, iiiediuiii density. 

J). (-iiuipress leather puli.sliiiig whi'id with 2-in. eushion. iiiediuiii density. 

A'. H-iii.-diani. poli.shiiig wheel of spirally sewed .seL'tiiJii.s uf cotton buffs set up with ‘220-graiii uliiini- 
iiniii oxide abrasive. 
l‘\ fi-iii.-diani. sb'el wire brush wlu-el. 
fi. S-in.-ilhiin. Taiiipieo brush wIilm*!. 

//, I't-in.-iliaiii, unciv.sewed fiill-ili.sk eottoii buff see I ions. 

I. M-in.-diani. -'H-in. .spirally sewed eotton buff seetions. 

\ niiiiiber of cukes uf cutting-down or buffing compOBitions pre.ueiited by the Me.Aleer Manufac¬ 
turing f’li. are shown on the bench at J from front In bnek. ii.s follows: 

J. 1. No. Kl white idirome coinposiliun generally used lo color chruiuiuiii plate. 

2. No. 77 eoloring eoiiipositioii for stuinh'ss steel sheet and strip. 

3. \u. IM-C iiiediuiii-grudi' greasy l■utling-llowll eiimpositioii for .stainle.ss steel .sheet. 

4. No. T-W.j dry-grade Tripoli for higli-griiile eulling-down on copper and bras.s. 

.^i. No. 1K0 siipnnifiahle emeiy cake used for greasing. 

U. No. II green chrmne eoinposilioii for eoloring l■hronliuIll |dale, re|daei.Hl largely by levigated 
uluininiim oxide. 

7. No. T-I7 hard ruhher ciiinpositioii. 

H. " (Ml " rouge. Very dry high-grade rouge coiiipountl to color soft metals. 

0. " .\ " ilry-grude euliiriiig ciiinpnsition lo color brass, copper, or aluiniiiuin, 

K. llrea.se. 

A. liime eolur bulling rumpu.sitiiin in sealeil cun. 
iif. Lime eolur butling compi>sition ready for ii.se. 

X. \ 4-pot witler-cliumber electric beater for preparing giue. 

C>. Two trays containing No. 80 and 120 polishing grain with a worn polishing wheel on a mandrel 
ready to be set up. 
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or stpol plates about 4 in. smaller in diameter than the wheel are 
plapLMl on earh side. These plates are attached to a steel hub or are 
riveted tcigether and keep the wheel shajie true and the bore to correct 
size. The disk canvas wheel set uj) with tlie coarser abrasives is 
superior to any other type of wheel for roughing out work. 

The cloth-flex wheel, made up of sections of cotton InifTs, .4, Fig. 9, 
is used for contour work similar in characler to the disk canvas wheel, 
but with finer abrasives. It can be inaile inori* flexible to arlapt itself 
to curved surfaces, such as shovels anrl automobile bumjH'rs. 

Fight different grades of cloth are used in tht‘ inaniifacture of these' 
buffs, each grarle for a particular class of work. The si'ctions niay 
be made up by sewing in several ways. They may be spiivdly sewed 
over (he entire surface, at wide or narrow intervals, or they may have 
two or many rows of concentric sewing from the center out to the 
peripliery. These buffs may he glui'd together in different ways, using 
little or miieh glue to give rlifferent degrees of hardness. .Muslin 
wlieels are marie up in much the same maimer as canvas wheels. 

The solid felt wheel is used for jiidishing glass and for greasing am! 
coloring operations wliere a high color is rr'ipiired. It has a distinct 
field in the ])olishing of formed surfaces of stainless steel. 

Belts of cloth or leatlier often are charged with 'abrasive for polishing 
flat work, Fig. 12. 

Setting up polishing wheels: By setting U)i is nu'ant the gluing 
of the abrasive to the face of the wheel, preparing it for the polishing 
o|)eratiiin. A pound of high-i|uality hifle glue .^lioubl first be soaked 
until it jells in 1 lb of distilled colil water wliim grain sizes 20-40 
are used. For fiiier grains, more water should hv adderl, as 2 lb of 
water for 1 lb of 80-90 grain .size. Not more than a 4-hr supidy 
of fresh, clean glue should be jirejiared at a time. Afti'r 2 or 4 hr for 
grf)und glue or 10 hr foi' flaked glue, the mixture should he melted at 
a temiierature of 135-150° F in small thermostatically controlled 
pots. These pots should lie cov'crcd and watiT jacketed as sliown at 
N, Fig. 9. The glue should be kept at this ti'injierature as short a 
time as possible. The hot glue is applied to the face of the wheel with 
a brush; the wheel is then rolled in the abrasive which, for rniivenience, 
is .spread in a trough 2 or 3 ft long, as shown at 0, Fig. 9. Best results 
will be obtained by preheating the abrasive 'and wiieels to 110° F. 
After coating the wheel with the abrasive, it should be allowed to dry 
at 75-90° F at a relative liuniidity of 40-50 jier rent for at least 
48 hr. Before ajijilying the hot glue to the face ol the wheel, the old 
glue should be waslied or scraped off anti the wheel should be trimmed 
to run true. This is often done with an old file, buff stick, piece of 
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abru^iive wheel, ur on a special lathe for tliis purpose, w’hile the wheel 
rotates at about 225 rpm, Fig. 18. 

A sodium silicate cement recently has been introduced as a sub.sti- 
tutc for glue in setting \ip jjolishing wheels of coarser grains. It is 
cheaper than glue and not influenced by temperature and humidity 
when being set up. 

Coated abrasives in the form of sheets, strip.<, rolls, belts, tir disks 
consist of various flexible materials of jmj)er, cloth, or the coinbinatioii, 
liaper reinforceil with cloth, to whirdi are glueri abrasives of grain sizes 
corresponding to those usefi in polishing. The abrasives consist of 
garnet (for sanding wood), flint or (piartz (for home-workshoj) use), 
emery (for mtital polisliing), criicus (for finish polishing soft metalsi. 
Thus we have garnet iiajuT, flint jiaper (sandj)aper) emery paper anti 
cloth, crocus cloth, etc., each of a particular grain size. Silieon carbide 
anti aluniinimi t)xitle are also useti as ctjated abrasives. The grain size 
of Si( ', Al.jO.,, and garnet abrasives used for this [mrpose are tlesignatetl 
as mesh grain size tir equivalent symhtd series in i)arentheses as 
follttws: 600 (12/0), 500 fll 0), 400 (10/0), 320 (9/0), 280 (8/0), 
240 ( 7/0), 220 ( 60), 180 (o/O), 150 (4 0), 120 (3/0), 100 (2/0), 
80 (1 0), 60 (1/2), 50 (1), 40 (1 1/2), 36 (2), 30 (21 2), 24 (3), 
20 (3 1/2), 16 (4), 12 (4 1/2). The symbnl series fnr garnet, flint, 
and emery tlilTer slightly fritm tlmse given ahttve. The mating may 
be cltisetl tir npen. In clnsetl cnatiiig, the paper nr clnth hacking is 
ctiveretl entirely by abrasives, whereas in tipen ettating, apprtjxiinately 
50 |ier cent nf the backing is eitveretl. Thermttsetting resins, rather 
than glue, are often useti to hiuiti the abrasive to the belt as they are 
more resistant to heat and to moisture or wetting. 

Speed of polishing wheels: For ortlinary oiieratitms, it is gt)oti 
practice to emjiloy a surface speetl of iihout 7,500 fpin, althougli uj) to 
15,000 fpiii often is employetl. If the speetl is too low, the grain is 
torn from the wheel tott reailily. Helts shouhl have a surfaee speed 
of 2,000-2,500 fpm. 

The use of i)olishing wlu*els anti abrasives is diseusseil after Buffing. 

BUFFING 

Definition 

Buffing is a ftirm of surfaee finishiiig in wldeh very little material is 
rcmovetl. The sttle imrpose is to produce a surface of high lu-ster and 
attractive a|ipearanre. The powdered abrasives, iLsually of the fine 
flours, are aiiplied to the rotating face of the wheel, not liy gluing Init 
by pressing a romi)Ositiim contMining the abrasive against the face fur 
a few serontls. Tin* work to he hiifl’etl is then heltl against the wheel. 
Peritulicjvlly, the abrasive is repleni.'ihetl. 
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is liivifiiul iiilu hvo sppariile npiM-iitif'ins: rinvvn and 

inlniiiiij:. Cutting down, usiuilly im a srwiMl-ilisk buff, brings tlio 
siirfiirr previously rolliMi, shinipeil, tinnbliMl. or polisluMi to a luster. 
It siuootlis and removes metal, tending to till in irregularities and 
ilepressions and remove liigli spots. Coloring is usually done with a 
soft, loose buff after the eutting-down oi>eration to iJroduee the liighcst 
luster. Coloring also is used to bring i)lated surfaces to a high luster. 

Buffing Wheels 

Buffing wlu'els are made of soft, pliable materials, such as soft 
leather, felt, linen, enttun, or muslin, already referreil to under Pnlish- 
d/|/ nVief/.s. 

I'rom 18 to 20 disks may be sewed together into seetions in si'veral 
ways, such as once about th(‘ lode (loose'), spiral, coueeidrie, radial, 
and at right aiigh's. The buffs ari' sometimes made up of plain disks 
as shown at 77, Fig. 9, and sometimes of material wlneh i.s feelded nr 
plaited. Sewed piece disks are those marh' up of small remnants, 
(.loth e»f which disks are iieadi' is specified according to the number id‘ 
yards id' a given width per pouinl. Thus, 88 X 90, 3.20 X. 40, means 
that there are 88 threads per in. running the short way or woof of the 
cloth, and 96 tli(‘ long way or warp id’ the cloth, and that there are 
3.20 yil of 4()-iM. cloth to the imund. 

dill' hard, closely wtu'eii Iniffs, such as 88 X 90 thread count, are 
usually useil for cutting down plated wear befoi'c |)laling when a 
coarse abrasive, such as emery or Tripoli cake, is used. Meilium- 
weave buffs, such as 04 X 08 or 80 X 84 Ihreail comd, can be used for 
l)oth cutting ilowTi and coloring. For final coloring, only the soft buff, 
closely woven of a low Llireail count, as 48 X 48, 2.50 X 40, is used. 
The loose buffs. Fig. 12, are belter for irn‘gtdar surfaces as they adai)t 
themselves to the work. They can be operateil at higher speeds than 
the sewed buffs or poli.shing wheels. 

Tampico fiber brushes, f/. Fig. 9, are useil for buffing nj)erations, 
as are wire brushes maile with eoarse bra.<s or (lerinan silver wire, to 
give a satin finish to iioiiferrous metal jiarts. Steel wire brushes, F, 
Fig. 9, are sometimes used for Imffing, hut more often for cleaning 
ojierations. Bristle or wire wheel brushes with a grease eomposition 
eontaining sharp abrasives arc u.sed on deei)-groo\'ed ornamental parts. 

Buffing Speeds 

Buffing is aeenmplished at speeds higher than those used in polishing. 
From 8,000 to 17,000 sfpm are used, depending on the type of wheel 
and the nature of the work. Brushing is done at 3,000-6,000 fpm 
with Tampico and emery cake before buffing at 6,000 fpm. 
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Buffing Abrasives 

For buffinj; piirpu.sif.s many kinds of abrasives are used. The eom- 
mnn lines, in uriler of liardness, tnuf»:liness, and sliarjiness, are aluini- 
niJin oxide, ^reen rliroiniuin oxide, emery, erystallinc silica, Trijiuli, 
IJumiee, amorpliniis silica, erociis, lime, anil roune. Other materials, 
such as rotten stone, whiting, tin oxiile, and cuttlefish bone, are some¬ 
times used for final IjufFing in specific instances. 

Fine aluminum oxides are inoie often userl on white chroiiiiuin and 
stainless steels. A dry coni|)osition for chromium ])hite or stainless 
steels contains from 80 to 87 per cent abrasive, a meiliiini grade runs 
from 72 to 80 pi‘r cent abrasive, and the greasy grade contains les.s 
abrasive. 

Emery consists chiefly of natural aluminum oxide which is shar|) 
and hard for cutting, and magnetic iron oxide which is softer for 
polishing. It is available in various grain siz(‘s and is fast cutting. 

Tripoli powiler, first found in Tripoli, Afri(*a, is a decomposed rock 
very high in silica or silicon dioxide. It ha.s grains ilifferent from 
crystalline or amor|)hous silica in that they are soft, porous, and spongy 
in appearance. These grains are free from sharp crystalliiU' eilges. 
In use they crush and continuously jiresiuit fresh surfaces. This is 
one of the most important alirasives used in bufling comiiositions. The 
grains are tough enough to cut down and I’emove minor pits, mars, 
anil scratches, and at tin* same time proiluce a beautiful, smooth finish. 
Tripoli works rajudly on all softer materials sucli as brass, copiier, 
anil aluminum, and will complete an average joli in one operation. 
It is the one all-round polishing agent used for the widest variety of 
puriioses. 

Once-ground Hose Tripoli from the Seneca, Alissoiiri, deposit is 
generally used. It is unule into three grad(‘s; dry-grade Trijmli, con¬ 
taining from ()9 to 72 i)er cent Tripoli; medium, containing from 66 
to 69 jier cent abrasive; and greasy, containing a lower iiercentage of 
Tripoli in a greasy binder. The greasy composition is usually used 
on large parts and on sheet brass or coppi'r. The dry grade is used for 
smaller jiavts on which a high color and minimum grease layer are 
desired as on co|)])er or In ass before nickel or chromium plating. 

Crocus is a ferrous oxide red in color and rather hard in structure. 
Crocus coiufiositions in stick form are used extensively for buffing steel 
cutlery and other iron or steel surfaces requiring a high finish. 

Rouge, a red amorphous [lowder consisting of ferric oxide, is softer 
than crocus. Dry compositions containing up to 90 per cent of the 
finely crushed powder are used for the most delicate finishing opera¬ 
tions, such as preparing metallograpliic siu'cinums for microscopic 
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inspection and also for buffing gems, gold, silver, platinum, glass, brass, 
nickel, steel, and hard rubber. A white rouge which contains a high 
percenl age of aluniiiiuin oxide and green rouge containing ■ green 
chromium oxide and silica are now replacing rouge in large jiianu- 
facture. 

Pumice, a cellular spongy ground vidcanic lava, is used on hard 
rubber, celluloid, glass, etc., and mi brass to jiroiliice a l)rusln*d effecl. 
Xoiicryslalline nr amorphous silica has ronmlefl haril grains, free 
from sharj) cut ling edges. It is the jirincipal ingredient of so-called 
enloring cnmiiositions which give a beautiful luster to jiroperly pre- 
pared surfaces. It has a low culling iiroperty and is, therefore, 
usually in'oceflerl by Trijinli cmnposilion. 

Lime, as used in lime comiinsitions. is freshly eah'ined limi'slone 
high in iiiagiie.sia, eniisi.sting chiefly id' oxides of i*Mleiuin ami niagiie- 
sium. Tlu' grains are softer than ainorplmiis silica, but simliar in 
structure and jiroperties. Idiiie emiipositions slack rajiidly on expo¬ 
sure to air and, tliei’efore, ai*e iioureil in In tin containers, hermetically 
sealed, ami ojiened only when neeiled for use. They aie the miiver- 
sally accejited standard for color Iniffing to bring out a luster of the 
highest lyju' on solid nr plateil nickel, brass, coppei’, nr (‘ven stf'cl. 
lame eoniiiositions are sold as ^^’hite Jtosi*, Fast Finish, idc., in ^’arions 
degrees of greasiness. Fxtra ilry, containing 78 pt‘C rent lime, is used 
for sid'ter nickel, slow nr medium hulT .'^jieeds, and small parts of brass 
or si eel. Medium dry, containing up to 75 per cent lime, is nseil foi* 
haiiler nickel, fasler s|)eeils, and for nickel on steel. That with 72-r)r> 
per cent lime and ninst lubrication is used for the higliest-sjieeil work 
and for the liarilest nickel, as well as on large steel jiarts, .^iicli as 
liunip(‘rs ami radiatfirs. Ni(‘kel-i)Iatefl work is colnretl only with 
lime cnmi)osilion. 

Fnwderefl cuttlefish bone is used extensively in a coarse ami fine 
powderetl condition to rough anrl fiin.^h .silicate ami i)orcelain fillings 
usi*d in flental work. In tlry buffing metals, such as fillings in riental 
work, fine emery is first used followed by finely powih'red ciittlefisli 
l)nne, after which the fillings are fmi.shed with rouge. An agate 
burnishing stone also may be used to give a final luster and hard 
surface. 

Buffing Compositions 

For use in buffing, the abra.sive.*^ iiientioniMl above are usually mixed 
into compositions ennsisting of various oils, fats, grease.^, ami waxe.« 
rn that they may be [ij)plied readily ami periorlieally to the face of the 
buffing wheel. W’ater-.^oluble soaps, casein, or glue liinder.s an* uscrl 
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to inaiire absolute removal of grease, like buffing eopper before 
cliroiiiium plating. These eonipositions and abrasives arc usually 
formed into cylindrical sticks or into brick-shaped cakes. They must 
he sufficiently hard, tough, and strong urnler orilinary temperatures 
to avoid breakage and crumbling, and at the same time must have a 
softening or melting priint low enough to permit the transfer of the 
right amount of material to the wliei:! when heated by frictitni of 
contact. They should not glaze the surface of tlu* wheel, arnl they 
should contain fully sa|)onifiable grease whicli will be renu)ved from 
the wf)rk when it is passed through commercial cleaning solutir)ns. 
These greases usually consist of stearic acid, a whitt* crystalline 
organic acirl, beeswax, and tallow for gn*ase ainl sometimes a small 
amount of sojip. Paraffin wax, j)etrolatum, ainl vegetable waxes are 
used also in greases. Tliey are mixed to give the ])roperlies recpiireil 
for iliffenait types id’ finishes. 

(»reaseh‘ss compositions which contain a special glue, glue preserva¬ 
tive, and ailrled agent to raise the softening point, are now being used 
as a substitute for \rvv grease. These com])oumls, containing natural 
or artificial aljrasives as recjuired, fretpiently elimimite grease ])olish- 
ing operations, c\itting-down bufl‘, and washing and rlrying. They 
also may eliminate |U)lishing-wheel o|)erations with the finer abrasives, 
particularly on work having sharp contours or ornamentations whiu’i* 
a s(d‘t pliable wheel with an abrasive-coated suiface is desirable. 
'I''hey art* |)artieularly suitable for cutting soft metals, and foj* j)ro- 
ducing a satin or butler finish. 

Examples of Polishing and Buihng Practice 

The grain size and type, composition, type and hardness of wlieel, 
pressure of work against tin* wheel, and speed of wlieel all must be 
ronsidered and adjusted to give best results. 

Sheet aluminum, brass, copper, zinc, and die-casting materials 
usually require only the eutting-dowii and color-buffing operations 
before jilating. If marks are too deep to he removed with a bulT 
or if then* is a flash left by the parting line of the die. a dry-fining 
or greasing operation is ailvisahle. These sid’ter metals all color 
to a high luster. 

Aluminum canopies and shells for lamps, stamped or spun from 
sheet, are given a final satin finish as follows: 

1. (irciisi' with 120 iduiiiinuiu oxidr srI up dh ;i spirally sewi'd 

wlu'ol Ilf unbU'ai'hed fahrii* ;il 6.000 fpiii. 

2. Grrasr willi 180 grain uii a siiirally si'wlmI wIum'I of uiiljlriii-lii il 

wheeling. 
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(Ffjr :i juli. iJiu>r:ilioiis 1 anil 2 ol’lPii iirv ipplan'ii hy a 

siiitflr rln-fininp nppraliDii iisiiiK a 120-Kraiii alnasiv i'.) 

Gilt (Inwn witli a irnaisy Tri])iili I'liiniinsiiinn mi a spirally sfwpil roUmi 
wlipnl at 8.5(KJ fpin. 

4. Puiiiirn and walrr un a Taiiipii u wlicrl al 4.CHM) fpiu. 

5. Cl pan. tlry. and lafiiupr. 

Annthpr iiudhml oniisists tiT but twn njn'riitinns as fnlliiws: 

1. Gsp Jjpa [nnipmirid pradn N im a 10-in. innkplpil-lypc ImlT al I.StK) ipm. 

2. Lai'i|iipr. 

Brass (iinnknnbi^ and oscutrlu'im [tiatcs staiuin‘d 1‘nnii shi-ids wliich 
art‘ binlly ilir iniirktMi iin* jrivpii an iixidized and ndipvrd finish as 
fiillnws; 

1. Gill ilmvn with Tiipnli on a i-losidy stilrlipd InitT al S.500 hnn. 

2. Piiiiiii i' and wati'r on Tanipii-o wliPi l ;il 4.000 Ipin. 

[i. Oxidixi' in liiiiiid .siil]diiii'. 

4. Hplipi'p with liiilliiiK rmnposition mi an 8-iii. Inosr huff al l.K(K) iinn. 

5. C-lpaii, dry, and lari|iipr. 

A hnislu‘d or sjitin finish is obtaineil by subs!it lit in|^ niirratinns 2, 
3, and 4 with ono usin^' a p’oasfloss roiuiiosilion on a rlolh wliiad, 
wliicli i.s followed by hi('(|U(‘r witliout i*li'iinin|i. AA'ith smooth stamp¬ 
ings, ojiiTatioii 1 also may In* nmiltml in tin* inorpss. 

Zinc base die castings for olortrir idoi'k riisrs an* finisluMi to a satin 
chi'oinium jilato as follows: 

1. Dip .spams pidislipd mil on ;i 120-i!:iain spIuj) wliPid. 

2. Gri'asp wilh ISO-^i’iiin sidiip wIippI. 

3. Giit-ilown luiff iisiim Tri|ndi. 

4. Taiiipiff) wliPi’l with |iiiiiiii*p .and walpr. 

.'j. Nicki'l flash. 

G. I'ifti‘i>n-iniiiiilp phrmiiiiim plali'. 

7. Tain|.)iiij wIippI wilh inimirt' and watpr. 

8. VN ash anil dry. 

Thv 0.30 carbon steel forging for ortlioiiorlir* stirnip.s is finished 
as follows. If tho .‘^urfacp of tin* forging i.s .smooth anil tho fla.slu*.s w'tdl 
rt'inin'ed, the operations ean be as outlined below. If Ibe fla.slies are 
proiniiuMit, it may be desiralile to grind tliein off, using a srdid abra.sive 
wheel on a two-wheel grinder, and next smooth the forging, using an 
80-grain abrasive set iij) on a eanA'a.s sewed wheel. 

1. Dry-fine, using a 150-grain aluniinuni nxidn aVjia.sivp glued tn Hip fare of a 
hiiilt-up canvas disk wIippI spirally .spwnd, operaling at 7.000 .sfimi. 

2. Greasp-fini.sh. asing a biiill-up eanva.s w’hcM'l .set uji with aluminum oxide 
al>rasivp of 220 gril and grea.sr al 6,500 fpin. 

3. Cut-down buff, using a spirally sc'wed rot ton buff wheel at 8,500 fpm and 
240 Pinery i-akp. Hold the w'ork with fairly good pres-sure against Ihe wheel 
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until llin ilcsirml liisliu Ajiply fiiMiufiilly rmly a liltln'of ilir iMuriy 

4. Color-buff, using on a oni'e-soworl rollon luiff a grri'n i-hioinir oxiilr cukr 
at 10,000 fpm. 

If tlir: part is to bn plated, it is now ropppr flasliftl anti l>ufftM.l. Thr l■Ol>])f‘^ 
ailhi’rns to the steel bell nr lhan nirknl. It is soft anil when buffcMl teniJs to flow 
anil fill in irregularities left on the steel. When buffetl, it leaves a smoother ami 
more uniform surfiiee with a high luster to take the nii-kel plate. Copjier 
striking is not. neinH.saiy in pimlui tion work where eomlilions are l■al■efully ron- 
trolleil. The nickel plali* is next applied and color buffed with a lime compo¬ 
sition on a loosi’ buff. If chromium plate is reipiiriMl, the part is next cliro- 
miuiri jdaled. which reiinires no fintil coloring unless it is binned or cloudy. 

The lolal thickness of the three pl/ites on automotive parts after buffing 
averages n.U(K)8 in. Thi‘ ihromiuin plate is about 0.00002 in. thick. Thr cojiiier 
thickness is eriual to or greali'c tliaii the nickel. About 25 ])er cent of llie total 
thickness is removeil by huffing. Under widl-i'onirolled eomlilions nickel is fee- 
riuiailly plali'il directly on steel. 

MACHINES FOR GRINDING. POLISHING, BUFFING, HONING, 
AND LAPPING 

Classification 

M.'Uiy niMciiinc tunls liuve bi‘(‘ii (IcvidiipiMl for llic grinfling I rude. 
They ruiisist of iiiaiiy sizt's mid s|n'(*i:il lypes, vuvh dcsigincil tn liiindlu 
ii jmrfitHihir cliiss nl' vvnrk to the best fidvmita^e. 

Cirindiii^j; iiiaeliines ufe desig;iuiled by the piirfinse id’ tlu‘ npenition, 
the type of grinding; upenition, the slniiie of tlie siiifMee produced, tlu- 
nmiie of the [iiirt ground, or Jeiilures of eonstruetioii us outlini'd in 
Table 4 mid tieserilied sepunitely below. 

H0ur,ii-( JRiNDINij Machines 

In rough grinding, the work is usiuUly held in the liund and pressed 
against the ahi asive wheel or the wheel may be moved by hand against 
the work. 

A swing-frame snagging machine is used for tdeaning or smoothing 
large eastings. The maehine is supported hy a crane and moved about 
by the operator over the work. The motor at the lear end drives the 
wheel by two V belts, and the operator ean swivel the wheel 90 deg 
each side of the vertieal. To elean large steel eastings a swing-frame 
grinder would use an aluminum oxide, resinoid-boniled wheel 24Q4T-H 
at a surface speed of 9,500 fpm or a vitrified 24-P wheel at the normal 
speed of 6,500 fpm. 

A portable grinder, direct motor driven for cleaning castings, Avelded 
work, and other rough grinding, polisliiiig, or buffing jobs, is sliown in 
Fig. 10. Grinding, polishing, buffing, or wire-brush cleaning wheels 
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TABI.t: 4. ( 'l.ASSIFIl ATlnN OF GniNOINi: ( )l'KliATIONS AM) MArniNKS 


Purpose 

Type of Grinding Operation 

1 Type of Macliine 

KoUKti removal of stock 

(a) Snagging 

(b) Offhand grinding 

1. Swinging frame grinder 

2. Portable grinder 

3. Flexililivshaft grinder 

4. Two-wheel grinder 

5. Disk grinder 

C'litliii^ ofT or parting 

(c) Cutting off with circu¬ 
lar abrjisive wheel 

1). Cut ting off (see iSuiemf/) 

•'^url ace finishing 

(d) Polishing and bulling 

7. Band polisher 

S. Two-wheel combination 
gri])[ler 

\). Two-wheel polishing nia- 
chiiie 

U). Two-wheel buffing ma¬ 
chine 

11. Si'iniaiitomalic poli.shiiig 
ami buffing machines 

Precision grimliiig (ac¬ 
cural egiMieration anil 
sizing of surfai'cs) 

(f ) Cylinilrical: siraiglit, 
tapcreil, or formed 

12. Tool-posI grinder 

13. ('ylimlrieal grimier 

14. (h'ankshaft grimli'r 
li). C^'nlerh‘ss grimh‘r 


(/) liilertial: sli aighl, la- 
pereii, or foniUMl 

III. Inlronal grinder 


(j/) Surface: plane or 
molded 

17. Surface griiiile.rs 

(a) Reci|)rocatiiig table 
with horizfinlid or ver- 
lical wheel spindle 
(f>) Rolary tabli* wilh hori- 
zoiilal rir vertical wheel 
spindle 


(/i) Miscellaneous curved 
surfaces 

IK. Mai'liines for grinding gear 
or worn teeth, ball-bearing 
balls, cams, and threads 

Proiluclion of keen 
cutting edges 

(/) Sharpening cutting 
tools 

1!). Machines for grinding 
siiighvpoiiit nil t ing t ools, 
drills, milling cutters, 

reamfTs, taps, dies, knives 

Very accural e finishing 

(y) TTniiing 

20. Cylimler honing machines 

and sizing 

{k) Lapping 

21. Lapping machines 

Reduction of material 
to desin^l particle 
size or form 

(0 Grinding pulpwood for 
paper 

22. Pulpwood grinder 
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CowrUay Norton Co. 


Fig. 10. A Buokcyc Pur table Tmi\ Company " Hercules ” No. 304-4 General- 
Purjnise I'rieumatie Portable Grimier, BiilTer, ;inil Wire-Brush (cleaning Toni. 

ThiM Inril ix iN|iii|i|inil witli a Nurtiiii t'li. i;<»iiini1 wtu‘i'l of 24 uriiiii, N Kruili*, vitriKttil bnnil for uIuuiiinK 
till' fillurH anil HurrariMH ni niixiinKs in u fiiunilry. A purtable imiMiiuulin fann Kriiitlnr Ls ahriwii on the 
luMH'li t.o tlin 



Courlefiy R. B. Haakina Co, 


Fig. 11. Finish Grinding a Drop-Forging Die with the Type HS-4 Flexible Shaft 
Grinder with Pedestal Mounting. 

The '■‘j-lip motor ririvrw thr coiiiitprHhiift l.HIX). 2,800, or 4,300 rpin or by tranxpoxiiiK the pulleya 
at 3,100, 4,800, or 7,o00 rpm. Tht* Hnxibh* .shaft ix -^in in. Jiuin. and Ti ft Inna- The T.^nOO-rpm 8|ieed 
ia rocunitnendotl wlinii all Binall-diaineter srinding toola are uaed, and the 3,100-rpin speed for drilling 
and burring operations. 
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are lifted interchangeably. Machines of this type are operated pneu¬ 
matically or by self-contained electric motors. 

Flexible shaft machines, Fig. 11, are made in numerous types and 
sizes. These iiiaehines may be used for offhand grinding as illustrated, 
for polishing and buffing, or, when provided with small metal tools, 
may he used for drilling, burring, etc. AVhen provided with abrasive 
pencils nr mounted points, the machine may be used for grinding small 
fillets, die sinking, or sharpening small 
tools. AVith a right-angle drive attach¬ 
ment, face grinding or polishing and 
wire scrubbing may l)e done. The 
eliiick is sometimes rigidly fixed in the 
tool post of a lathe ami then fed by 
]) 0 wer for drilling or grinding. 

A motor-driven two-wheel grinder 
is shown in Fig. A^-27. The head may 
he mounted on a bench or ffoor-(ype 
pedestal. Botli wheels are well guarded 
and proviilefl with a work support. 

Maeliines of (liis tvju* are maile in a 
variety of sizes from Vt Iil> witli 
6-in.-diam. wheels to lo-lq) motor with 
30-in. wheels lor general rough grind¬ 
ing on one entl, and a fim* grain wheel 
on the other emi for finish grinding. 

The two-wht*el grinder is often built 
with siiiiihir wheels or as a combina¬ 
tion grinder with a straight wheel for 
miscellaneous work on one eml and a 
cup wheel for tool grimling on tlie other. 

The cup wheel should he jirovided with a drum-type guard adjustable 
for wheel-faee wear, and a si)ecial adjustable tool rest with a graduated 
scale. The straight grinding wheel should he etiui])i)ed with a uni¬ 
versal adjustable guard, work support, exhaust port, and hinged and 
flanged inclosing cover, for roughing or general-purpose grinding. 
The mad line may be provided with a straight grinding wheel on one 
end and a polishing and buffing sjnndle on the other end, Fig. 12. 
Machines of this type also arc made with a straight grinding wheel 
on one end and a disk wheel on the other. 

A double-disk motor-driven face grinder, Fig. 13, is used to grind 
flat surfaces on comparatively small parts. The tables carrying the 
work rock or oscillate manually or mechanically and feed the work 



Fiii. 12. A Gtinibiiiiitiiiii Grind¬ 
ing and HiiiliiiK .Marhini' with a 
1-hp, l,8(X)-r|)in Miiinr. 

A i£riii(liiiK whiM'l i.s inuiiiiti^rj iin thplnft 
spiiiillir wliili*. u lmiKL‘ rnttuii InilT u iiii the 
riKhl. 
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toward the abrasive disk. With the manually oscillating table, one 
operator is required for each wheel. In the mechanical type the 
operator loads and unloads each fixture while that in the other is being 
ground. 

Formerly the grinding member consisted of a coated cloth disk glued 
to the face of the steel w^hccl; then a solid abrasive wheel about ^ in. 



Courlesii Gardner Machine Co. 


Fiti. 13. Till* (iiinliUM’ Nik 7^2 Twi>-\Vlu‘i*l llnriziiiihiUSpiiiiilr Disk Grinrlcr. 

f'iiNl-iniii ni'HP arr Iumiik rniiati faiMul tin tiu' rear wlicH ami tiu* udvith nil llii* rrniit wlippl. 

Aiuiiil 'ill in. nf ntnrk is nMiinvi'il nvi'r an area uf u|ipruxiiiiutL‘l.v 20 1*11 in., and a prudiirMnn of 100 
piiM'-UN pi*r hr it* iiYitaiiu'il. 


thick with ii cloth hack was used. Modern practice is to use rubber- 
bonded wiieels mechanically all ached to steel driving ilisks. (iiinders 
of tlii.s type are made also of the double-si)indlc op])osed-di.sk tyiic 
as shown in Fig. IIS, in which the work may be faced on both sides or 
ends accurately and rajiidly. 

Most of tlie modern grinding maciiines of the two-wheel type are 
motor ilriven. However, a belt drive from a countershaft or motor 
overhead is sometimes used on machines arranged in groups, Fig. 19. 
In the motor-driven types, the motor may be mounted directly 
on the spindle or located in the base or on the back of the machine 
and belted to the spindle, or drive the spindle through speed change 
gears. 

Disk grinders also are made with the disk mounted face up on a 
vertical spindle. The work is moved over the wheel face by iiand or 
by power. 
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POLISHINC; AND Bl FFlND AlArillNKS Fl)H Sl HFAl'E ElNISHINd 
Classification 

PDlishing and ImfTinr; machinos arc niatli* in a niiinl)pr nf types and 
sizes. Tile fnllu\vin;>; reiiresent thnse used in metal wnrkiiif^ fnr finisli- 
iiifj surfiires with emj)liasi> mi finish rather than ilimensimnil ai'eurary. 

1. 1i:inrl pdlisliiiiK niMi'lnni'^ wilii hril Mi raiiKiMl ii‘idl>' i)r liiM'izDMi.'dIy. 

2. Disk iiDlisliiiijs iiiailiiin‘.s willi viTliially iir limizimtiilly iuduhIimI idirasive 
flisks. 

3. Tw(i-whr‘i'l rdinluiiaiinn ^liiiiliii^ ami pnlisliinp; nr hnllinj; inai-liini's for 
iiiisi-t'llaiii'iiiis wink. 

4. Twn-wliei‘l pnhslirrs nr IniffiMs. rillii'r bell nr mnlnr linveii, ami arraiiKi'il 
fnr benili nr tinnr iiirniiiliiiK. 

5. Si'iiiiaiiliniiatir imlisliin^ ami bufliiif; imirliiiies nf the I'niilinuniis-feeil or 
imlexiii^ l.vin*. 

Coated abrasive belts are idteii useil in dry nr wet pnlishin^ wnrk. 
Many id' these belts an* narrow and Ilexihle so Ihiw may be passed 
lhruu|j;h an niieiiin^ to polisii interior surfaees, such as the hanilles of 
shears ami surRiral instruments. Others are wide anil used with a 
ri^id baek as shown by the small surface polisher in Fi^'. 14. These 
suri'aee polishers may be belt or direet motor driven and proviiled 
with various fixtures for sjieeifie elasses of work. lievel attachments 
may be arranj^ed over the lielt so that two surfaees, havinjj; a ilelinite 
angular relation, may be ])olished on a roii^h jiarl. In thi‘ small 
machine shown, the work is siinjily held by hanil against the [ihrasive 
lielt, while tlie face is beiii”; made smooth. The bell tension is regu¬ 
lated and maintained by the compressed coil spi’in^;. Coarse- and 
fine-sraineil belts are quickly interchangeable. Hells in. wide 

are useil. Tolerances of O.OOOfi in. wilh surface quality of 2.5 micro- 
inches, r.m.s., are jiossible. 

Polishing is done with endless belts for running over a flexible 
faced wheel against which ihe operator force.^ the work, with the other 
enil of the bell running over a imlhw at the rear, above or below the 
working wheel — de|)ending upon the nature of the work, as shown in 
Fig. 15. The b(dt gives several times the circumferenee nf a set-uj) 
polishing wheel ami j)rovides a uniform, fast-cutting, cool-running 
abrasive that is tough enough to withstanil high ])ressures and high 
])ulishing speeds. Belts of this type give iiroduction greater and 
cheaper than that obtained with set-up poli.shing wheels. A typical 
operation is the ])oli.4iing ilowii of the corner welils on 20-gagc ingot 
iron stove ends. A hackstand belt of No. 36 grit running over a 
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16 in. flimii. i)y 4 in. fan' i iinUict vvIuh-I Dpi'riiti*.^ al 7,3tK) fpiii. Tliiss 
is 60 per mil iuMvr tliun wlirn usiiifi a srl-uii pnIishiiiK 
wlu'el, anil a bcttiM- linish is (ibtaiiic'il. 

Disk polishing machines, similar to the disk ^rindur, are used fur 
surfacing small miscellaneous parts in the machine shoj). Machines 
with multiple sjiindles arrangeil vertically over a flat-to]) table with 
wlieel face down are used for polishing .sheet metal and plate glass. 



CnurlUKH llainmnud Murhintru liuildern, Inr. 


Fill. 14. Miuli'l 4(X) Alinisivi* Bi4l nrv (Jiiiuln Fmi- Siiwill Wmk. 

ThiN Kriiiili‘r iiiiiy lir niiiiiiili‘i.l for lidrizuritul Wiirk, ii») .sIumvii, nr vi*rLii;iilly. Tlii* tabli' in .‘i in. by 
IOI4 in., unci tiu* rnilh^Ms abriLHivi* bril i.s 4 in. wiili' uml lib'4 in. limiE. 


As the wheels rotate, Ihe talile is moved enntimmusly, transversely, and 
longitudinally underneath. 

Metallographic polishing machines usually consist of a disk 
mounted on the up])er end of a vertical driving shaft. Disks of 
broadcloth or felt are attached by a compression ring to the disk. 
Each disk is imiiregnated with an abrasive for each of the several 
o])erations required. Surface finality of 1^ microinches, r.m.s., is 
obtained. 

A heavy-duty, two-wheel polishing and buffing machine of' the 
floor type, having two spindles each equipped with air-exhaust guards, 
is shown in Fig. 16. The motor, mounted back of the spindle, drives 
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the spindle by a short belt. Tlie motor also drives a fan which 
carries all dust particles from the wheels through the guards to a 
washer in the base of the machine where the air is cleaned. A small 
centrifugal pumj) driven from the left spindle furnishes a water sjiray 
fur this jiurpose. A stand with a resin-bonded hackstand belt is 
shown in Fig. 15. 

Continuous-feed polishing machines are iiserl frequently for large- 
f]uantity productit)n. Numerous work carriages are fed jiast the 
wheels by an endless belt driven by a motor tlirough reduction gears. 



Ctturtr,;il/ .MinnK^tUa Minina amt Mfu- Co. 


Fii;. 15. A Siiijill Bcli-'rypc Pulishiiig Miir.liiiic in \N liic.h llii* HcIIm RiiiininK nver 
till! Fnrwiirtl I'li'xihli! WIhtI (’any (lu- Alirasivr. 

Thi^ barkHtand is hi!lt-ilrivi;ii fruiii l.lif* iiiulur iiiii|[‘i'n[ruth. An ilrafL of uir Rarrins away the 

tiiisl particles, anil thi’, upRratur'ti L-yi?." art; pruiRRtRil by 


Fixtures of any type may be attached to the belt. They are loailed as 
they j)a.ss uinler tlie whiad.s and are returned eni))ty on the underside 
to the loading position. Each motor-rlriven jiolishing liead i.s mounted 
on the end of a counterbalanced arm to permit vertical adjustment 
as the work jiasses below the wheel. 

The number of fixtures or carriages and |)olishing units is dei)enilent 
on the nature of each |nirticular job. Items such as liumpers, wrenches, 
planes, skates, and flatirons may be jnilislierl anil bulTerl on machines 
'^f this type. 

An automatic polishing and bufhng machine consists of a multiple- 
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(luurtv.»]i SlaivH Ekrlrival Tuul V\). 


J'lrj. 10. Tilt! Mmlt!l 120 Pdlislii!!- {iiiil Hu(Ti*r wil.li ii Snll-CJoiiiainuil Exhaust iSystam 

and Air Claaiiur. 



CftMrfpA]!/ .-Irmr .Wan tt/orlurin(7 Co. 

Ein. 17. Typt* 1^8 T\vlV^Vlu•l‘l I’liil. SiMiiiaiUninalip Pnlishiiig and Uuthng Machine 
with 8-Spiiidlc Indexing Fixture. 





DUST KKMOVAL AND SAFETY 


553 


spiiifilc fixturo to hold and slowly rotate the work while the spindles 
are indexed from the nonrntatiiig loading iiosition at the hottoin to a 
rotating eontact with the huffing wheel. One or more wheels may be 
usi‘[i and the work inilexed from one to the other for cutting down 
anil coloring, to give two oj)erations at one chucking. Fig. J7. 

The cutting-down buff on the left consists of four 20-i)ly cotton sec¬ 
tions sewed radially and operates at 2,400 rpin. The ctdoriiig hiilT 
consists of four 20-|dy cotton sections sewed once around the hole anil 
oiierates at 2,400 rpm. Tripoli composition is used for cutting down, 
and a soft silica compound for coloring. Small brass stam]iings are 
rmished at the rate of 100 jjieces i)er hr. Simple cylindrical and 
cupped work, when made in quantities, is suited to machines of this 
type. 



FiiJ. 18. A liayout of a l^ilishiiiK Deparlnient wilb Fjipi'ilifs fur 'IVcuiinK tbc 
I'si'll PiiliKhin^ WluM-ls. 

TliK urmwA indicati' llii? piith uf thi? wurn wlii'i'l iiiilil it is miily UtT u.sr aKuiii. 


Polishing-Room Layout 

A plan of a polishing and buffing room for small parts is shown in 
Fig. 18. Facilities for taking care of wheels are shown at the left 
end. Such a layout dejiends on the quantity and size of the work and 
the type of machines used. Figure 9 shows the arrangement of a 
small self-contained iiolishiiig and buffing room for small work. 
Figure 19 shows a polishing and buffing department, arranged wdth a 
conveyor, for larger i)arts in considerable quantities. 

Dust Removal and Safety 

Polishing and buffing dej)artinents should be equipped wdth dust- 
collecting systems so that the abrasive anti metal tlust will be carried 
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away and tlie danger uf flying particles reduced. In dry grinding 
and j)t)lishing, goggles should he used to protect the eyes, unless 
aderiuatc guards are provided. The Kirk and Blum Manufac¬ 
turing Co. in-stalled an exhaust system in the grinding and polishing 
room of the Maytag Co., Fig. 19, which had an average suction of 
41/2 in. static pressure maintained by three 90-iii.-diam. fans on the 
roof. For a production of 1,000-1,400 wa.shing machines per day, 
twenty-two grinding and polishing operations are required on each 



CourluK]/ Kirk and Blum Afanu/arluring Co. 


Fiii. III. One i)f llic Pnli.shing Di*|i!irtnu*iits nf tlu* Maytag Comnany. 

Tlii^ uliiiiiiiiiiin till) Itiifi vnriiniN iuilisliiiiK uiiil tiiiiriiiu iiiiprii|:iuii,s ijcrfurmeil oh it ia iimvud aliiiiK the: 
ni‘iilriil pfiiivpyfir. 'I'wii-wIii'pI imliHliiiiK HtandH arc bpU-drivpn nt 2.700 nitii by uvorbeiid 7'a-hp 
iiiiitiirs. Till' iiisidi' uT the tub in niiii'lipd mit with Nii. 3li Krain ubrasivp up on mii.Nlin wIiopIn. A 
Nil. (iU Kriiiii ubriiNivp wliivl is iioxt ii.spd, ami thi'ii fiillowinl by win- brushing. Thi; imtsiilp uf 

till' tub IH ruUKlu'd with a Nu. .'(II ^ruiii iibruNiva aet ii|i on an Piidlpaa bidt, and in fullowrd by a Nii. BO 
icruiii III! 11 bull fur liiUHliinK. 


aluminum tub and nineteen o|)erations on each crown, in addition 
to other mi.^celhineou.s parts routed through the iiolishing room. This 
work involves 120-grit size j)olishiiig lathes and 40 belt grinders. A 
carload of aluminum and abrasive dust is collected about every 
25 days, or about 2 tons every 9 hr. 

Such a system makes far better working conditions, reduces labor 
turnover, effects a saving in cleaning-U|) labor, adds to safety, and in¬ 
creases jiroduction by approximately 20 per cent. It also protects 
other machinery in the room from the fine dust and particles of 
abrasive. 
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Precision Grinding 

In prerision grinding, the work and grinding wheel arc ninuntcd 
rigidly hut adjustably with resjieet to one another as required in the 
various methods of grinding, so that parts may he ground to shape and 
size cjuickly and accurately. The various types of i)recision grinding 
machines are listed in Table 4 and descriheil sej)arately below. 

CVLINDRICAL GRINDING MACHINES 

In cylindrical grinding internal nr external surfaces, the work is 
held rigiilly on centers or in some form of chuck or iiolding fixture and 
is rotated slowly. The rapidly rotating wheel is fed against the work. 
AMieii the work surface to he ground is longer than the face of tin? 
wlieel, tlie work is slowly traversed hyilraulically, mechanically, nr 
manually past the wheel mounted on a cross slide. In some cylindrical 
grinders the work traverses past the wheel, and in [)thers tiie wluad 
traverses past the work. At either or each eml of the table traverse, 
the wheel .slide is fed toward the work, or the worktable, mounleil on a 
saddle, is fed toward the wheel until the desired work size is reached. 
WUvu the wheel face is as wide as the length of the .surface being 
ground or when it is impracticable to traverse-grind the work, the 
wheel may be fed in with no traverse of tlu‘ wlnad or work. This is 
callerl plunge grinding, ^^’heel si)eed, wheel feed, work speeil, table 
speed, and length ni traviTse are independently adjustable to suit the 
type of machine and conrlitions oiiilinerl above in connection with 
Proper Conflitiojis for (irmrlinrf, 

A tool-post grinder is a portable maidiine which may be clamperl 
in the tool jiost of a lathe, miller, or iilaner for various giinding opera¬ 
tions. The wheel may be mounted on the motor spindle when large- 
diameter wheels are used, Fig. 20, or on an auxiliary high-si)i*ed sjiindle 
when small-diameter wheels are used. Fig. 22. 

Cylindrical grinding machines may be plain or universal. In both 
types the table may be swiveled in a Imrizontal plane about its center 
for grinding taper.s. In the universal machine the headstock may be 
swiveletl on its grarluated ba.se as requircil for grinding taj)erefl holes 
in work held in a chuck on the head.stuck siiindle, the wheel head may 
be swiveled in a horizontal plane on a graduatcfl base for wheel posi¬ 
tion. and the whole wheel slide swivelerl on a secf)ndary base for 
angular in-feed. Universal machines are equi])pcd witli a wide 
variety of accessories, such as internal grinding et|uipment. Fig. 22, to 
do almost any type of grinding operation. The .spindle of machines of 
this type is of heat-treated high-carbon or alloy steel carefully finished 
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anri run in adjustable bronze bushings, force lubricated with filtered 
oil. 

A plain cylindrical grinder set up for traverse grinding is shown in 
Fig. 21. This is a self-contained motor-driven machine. It is matle 
with a 14- and 16-in. swing, each in eight .sizes to take from 18 in. to 
168 in. between centers. A 30-in.-diam. wheel driven by a 20-40-hp 
motor is used, dofiending uf)on tlie wiilth of the wheel face, the size of 
the iiuicliine, anil the service reiiuired. The table way.s ol this grimier 
have a continuous-pressure feed lubrication with filtered oil. The 



FiiJ. 20. A Ti)ol-Pnst Grindnr Clamprd in the TiidI Pn.sl iit m Lsillii* I.s Set Up fur 
(iriiidiiif!; liUtlii* (•rnU*r.s wilh !i StrrUKhl Whin*!. 

Tin* iniiiipiMinil rr.st. .sliiltr is Hwivoloil tn an aneli' -'in ileji fnnii Mu; axis uf tlic Thr* Krinili-r 

axiM i.s punilli;l tn tin* euiiipiMiiid rast FitmI arriMv. Tlu* wliiad is ri*fiprrii;ateil alun^ Mil* aiiiiiiail puiiit 
uf tin; riaitni' liy tin* luiiiiiuiiiiul ri:st Hi;rinv iiiiil is fed lu di:pth My Mu; [;ritss-f[;[;rl 

table may be swiveled in the horizontal plane to grind slight tapers. 
A variable-speed motor, having a three to one speed range to give any 
of twenty-four work speeds, drives the headstock faceplate through a 
.silent chain to a steel worm and brnnz»* worm Avheel. A direct-current 
generator to drive” the headstock motor is included in the regular 
machine equiiiment. The rheostat for controlling tlic work speeds is 
shown at A. Any of twelve table traver.se si^eeds is olitained by ad¬ 
justing the lever if. A third small motor drive.s the coolant pump. 
The tailstock center may be withdrawn to remove the work by a single 
screw handwheel or by a combination screw and spring lever. The 
truing iliamond bar and holding bracket are shown mounted on the 
forward end of the tailstock, and a single back rest supports the 
work between centers. 

Plain grinding machines of rigid construction are sometimes used for 
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plunge grinding. A siiiglr wheel may be fill inhi the wnrk radially, 
a small amount of eaeh revolution of the work, or two or more Avhcels 
of o(|ual nr different diameters may be used to grind different surfares 
on the same part eoneentricalk within very close limits in one opera¬ 
tion. Surfaces close to or between shoulders may be ground in this 
way. It is desirable if j)ossible to give the wheel or work a short- 
stroke reciprocation. 


4 . 

4 



C(iurtvi<ff Cim innali Millinif Mai hinr nnrl Citii itinati (inutlnrH, I nr 

.1, wurk-H|iri‘iJ rlirnstui; H, nwivcl ImIiIi* iiiljiisliiiniit; C, pnHitivi? stiip tii fi'nl; D, liiinilwhiM'l 

fur I’lijss TimmI; A’, hmiilwIuMil for tahlr travH; l’\ wlifH triiiiiu .spiu'il; fi, work- iiiiil tulili‘-ntntriil Ii-vit; 
11, l.ulili‘-ri.'vi‘rMiiiK lirvrr. 

I’oi. 21. The (Miiriniiati iSelf-t'iinliiiiuMl Plain Grimier, M-iii, Swin^ liy 48 in. 
helween Cenlers, Set I’p for tlriniliiiK S])inilli*s. 

IliMil-tri;at[>.il i;lirriiiiiiiiii-iii[;ki'l isin-l .•^piiiilli* fiii'uiiiKs. i;urrii‘ii iiii ilcail rniitiTs iiiii] ilrivfii liv u iln^ on 
till’ Kiiiiill iMiii, iirr liciiiK niiiKli iiiiil Mi-iniliiii.sh icnniiiil iil tin* rsiti- of tiiic spiinllt' rrvnry min. I’lirt'i.* 
iJiiiiiir‘tiMN uri' KriMiiiil lo ii ioliTiiiii^r of plii.s U.OnOll in. iiml ininu.s (I.(NMI2 in. willi u .stirfiin- Hiiiiili of 2(1 
iiiii'i'r,iii[:li(^s, r.iii..s. 

Gages are attached to cylindrical grinders to control the accuracy 
of the work. The gage rides on a transverse circle of the work on 
three i)oints at ajiprnximately 0, 90, and 180 deg as the grinding wheel 
feeds in. Two of the imints at 90 deg are fixed; the third [loint oj)cr- 
ates the indicating mechani.sm whether a dial gage or electric or 
pneumatic device. The dial gage merely indicati-s the size of the 
work; the oiierator controls the machine. \Mien the correct diameter 
is reached with tlie Norton Co. electric gage, an electrical contact is 
made which stops the wheel feed and automatically lifts the gage 
from the work. The wheel remains in rontaet with the work for a 
short period to spark out and then recedes rapidly to a position which 
facilitates rapid and safe reloading. When this device is used on 
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.scjiiisiiihnuatif iimi-liini's, tin* slnjiping Miid jjitiirlinji; uf Hie wurk revolu¬ 
tions, tin* rapid travel of the wheel to Mie work, the feeding during the 
grinding, and the niieration of the fimtstuek aiifl steady rest arc all 
pontrolled automatically. 

The liBndis air-sizing device is u.sed for extei nal or internal cylindri¬ 
cal grinding operations whether the hole* he straight, tapered, splined, 
radial, keywayed, inleiTU|)tefl. cir blind. The limit of accuracy is 



Courlettu Hrnwn nnrf Shnrpr Manufarturina Co. 


I'liJ. 22. A Hi‘11-Driven rnivcrsal (iriiiiliiiij; Macliiiir Si‘l Tp lor Inlcrniil Griiuling. 

StniiKlit iir tiipirriMl luiri's iniiy Im* tfruniiil ti» ti lii/jli nf urtMirary. A imrk-harrli'ntnl, lnw- 

I’lirliiiii-jit ci'l Npur nMur liiiviiiK n liiirr I ='k in. in ilinm. li.v 4 in. Iiimk iw liaviiiK 11.1)07 in. i»f stmik ri*nioviHl 
at till' riiti* Ilf 0.0(K)2.*i in. pi'r puw.s. 'Clie pniiliirliim tiini- iw "» ti* fi min i^afh, ^vllill‘ llu“ wiirk HpuRil ia 
;i7ri rpiii ufiil till' tiilili' spui'il in IM in. par min. A. hay StiiU; Aliruaivi* I’riMjiP'.ta \vlii.ii;l i»f !)A-00Kli- 
V2 i.s iiHRil. 


claimed to be within ().(K)()25 in. Its oiieration is based on the principle 
that, if air is escajiiiig from a pressure line, the pressure in this line is 
afTeeted by the size and shape of the escaping outlet. In external 
griniling, the device bears constantly against tlit‘ work on two suj)- 
porting diamond points. The air outlet is between these two iliamond 
points. As the work diameter is reilueed, the gaj) between the work 
and outlet is reduced and the iiressure slowly builds u]i in the air 
line. This change in pressure changes the level of the mercury in a 
U tube to close electrical contacts. Just before the work reaches 
finished size, the mercury engages tlie lower of two contacts extending 
down from the tuj) of the tube. An electrical circuit is thus completed 
which energizes a solenoid. This causes the speed of the feeding-in 
movement to slow down while grinding continues. When the final size 
is reached, the mercury, having risen by then in the tube to touch-the 
second contact extending down from the top, completes a second 
electrical circuit energizing a second solenoid. This causes the wheel 
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to move rapidly away from the work. The position of the two 
contacts in the tube is adjustable, as is the slow in-feed movement of 
the wheel. Final adjustment for size is made by changing the position 
of the diamond points lieariiig against the work, ^^dlen aj)j)lied to 
internal work, the pressure in the tube is highest when grinding starts. 
As the work hole is enlarged, the pressure «lroj)s, engaging the electrical 
contacts in the lower side of the U tube, similar to thal mentioned 
above. 

Roll grinding machines are [ilain grinders for finishing iiydraulic 
rams, gun tubes, turbine shafts, anil rolls for |)rinling machines and 
rolling mills rerpiiring gi’eat accuracy and excellent finish. Special 
features are iirovided on the larger machines to minimize vibration 
ami promote rigirlity. Tlie face of I he roll can be crovviu-d slightly 
by means of a cambering device. 

Steel rolls for cohl I'olling .steel ranging from 9 to 30 in. hi diam. 
and 8 to 96 in. body length, hardened to give a scleroscope reading of 
94-101, are generally regroiinil with wheids as fidlows: Itoiigh-grind 
with an A46-L5VHE wheel remin’ing 0.001 o in. per jiass, semilinish- 
grind with an A100-T6VBK wheel or AlOO K7H wheid removing 0.0005 
in. per jiass, and finish-grind with a CloO-LSHL wheel. An emulsion 
of 1 part solulile oil to 30 parts of water is used. A surface finish 
of 2-6 microinches, r.m.s., is obtaineil. For a mirror finish id’ 1 micro- 
inch, r.m.s., a (\500-( lV or a ('500-1191'] wheel is used. 

Chilhal cast iron, griinile, brass, anil copjaM- rolls are rough ground 
with a (]30-L5K wheel and hnished wilh a ('60-L5K wlu'el. Ilubber- 
covered rolls or hard-rubber rolls are ground with a L'30-li5 (E or H) 
and fine hnished with a C60-K5 (E or H) wheel. 

Crankshaft Grinding Machines 

The line bearings of a crankshaft are ground on a filain cylindrical 
grinding machine csiiecially arranged for this work. In finish griniling 
crankshaft main bearings by the i)lunge cut, 0.025 in. of steel is renioverl 
at the rate of 40 shafts per hr when a 1 tn 80 emnlsion is used. The 
wheel, 30 in. diam. and 2.188 in. wide, rotates at 750 rimi (6,500 fpm). 

Crankjiins often are ground on cylindrical grintlers arranged with 
double work head so that the work is driven from both ends to 
eliminate torsional strain.s. The shafts are chucked in sjiecial fixtures 
so that the crankpins being ground rotate on center. 

In one installation the wheels of A54 to 60, grade 0 or P, medium 
structure 6 of vitrified bond (A 6 OP 6 V 1 are rotated at 6,500 fpm. 
The work rotates at 60 fpm. The new wlu-els are 42 in. in diam. and 
are worn down to 32 in., proiliicing aiiproxiinately 100 , 0 (K) crankshafls. 
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Frf)iii 0.017 to 0.025 in. nf stock is rciiiovcMl frinn cafli bearing with an 
in-fiHTl of 0.0005 i|)r. The wheel is trueil with a rlianiond after each 25 
slnifts, by two passes — the first removing 0.001 in. and tlie second 
0.0005 in. on the radius. The pins and bearings are usually fiiiished 
by polisliing or “ superfini.shing ” as described below, Fig. 44. 

Camshaft Grinding Machines 

A camshaft grinding machine has a set nf master ground cams, one 
cnrresponilirig In i-ach cam on the .^liaft In be grnuml. Inealed in the 
work heail, as simwii in Fig. 2IL A single rnllei- rirlivs on one niastiT 
cam while I he corresponding cam on the shaft is being ground. 

With the throw of tlie main control lever, the hydraulically con- 
Irollerl work carriage brings the first cam into griniling jmsition. The 

wheel fi'eils in rapidly anil the work cradle 
swings hack, bringing the first master cam 
in contact with the roller. The grinding 
in-fi‘ed is now engaged and the wheel is 
fi‘il forward until it comes against the 
jiositive sizing stop. The work rotates at 
approximately 80 rj)m for about 9Vi> rev 
of the work for tlu‘ rough griniling, after 
which the in-feed is reduced for the finish 
grinding and the woik si)e(‘d reduced to 
40 rpm for about rev. After finishing 
the first cam in this manner, the work 
cradle is swung forward and the wheel 
moved backward while the seconil cam on 
the shaft is brought into grinding i)osition 
and the masler cam roller engages the 
second masler laim. This operation is repeated until all cams arc 
finished. Figure 24 shows a closc-up of an automobile camshaft 
in its grinding position. A hardened pin engages slots in the care¬ 
fully finished blade atlaclied to the front nf the carriage to locate the 
several cams of the shaft in grinding position. 

A typical light 8-cylinder camshaft is ground in three operations on 
a battery of Landis grinders as follows: 

In rmiish prinilinir 0.020-0.re?0 in. nf s\nv\i i.s rrmnvpd and 10 sliaft.s, nqiiiva- 
Irnt to 256 cams, arc proimil per hr In a lulcranci' nf 0.0(Xi in. One man i.s able 
In opcralc fniir inacliine.'*. 

In semifinishinp, 0.012-0.015 in. nf slock is reiUDved. and 11 .<^haft.‘^ are finished 
per hr. One man nperale.s Ihicn machines. Tliis spinifinishing opiMation is used 
only in very hirpe product inn. 



I’lii. 23. A N'icw of I he 
Work Head of (he Jjiiiulis 
('aiiishafl (irinder wilh Ihe 
G«»vcr lli'iiinvcd In Show the 
Master (\‘i.ius anil It oiler. 
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In finifsliinp, 0.005-0.007 in. of !stni*k is rriiinvivl. iiinl 12 slnifls iirv finisliril 
piT lir. TuliMiini'PS of 0.0015 in. on (hr* rliaiii. and 0.002 in. for (iiiiiiii; air iiiaiii- 
tainral. 

The Norton Co. automatic camshaft grinding machine, oiler being 
leaded and started, rough-grinds eaeh siiceessive eain on the shaft. 
Tlie wheel is then trueil anil the work speed redueeil while eaeh eain in 
turn is fiiiislied to size. All these o])erations are iiieluded in the 
aiitoinatic cycle. 



Thr Riiin.shaft is Hiippi)rti*il un nnntRrH uiiil liy fnur intunniMliutu wurk rtsta. 


Thread-Grinding Machines 

The production of screw thread.^ for lead screws and other work 
requiring extreme accuracy as to pitch iliaineti'r anil leiid has IimI to the 
flevelopinent of special machines for this pnr])ose. Tin* Ex-Cell-O 
Cor))., for example, has a complete lim* of jirecision thnaul grinders 
designed to cover the bulk of industry's thnaul-griinling maals. ork 
up to 90 in. between centers and 12 in. in rliain. can have tlireafls gnnmil 
on its external surface by the largest of tlie.sc* maebines. (hintimious 
and multiple, internal and (‘Xternal, right and left enil, straight, 
taiiercd, and relieved threads can be ground at any pitch from 1 to 80 
per in. of any thread form. Tnleranees on the j)itch iliameter of 
itO.0002 in. can be held, leatl can he held to :j=0.0002 in. in any in. or 
dr0.0()05 in. in any 12 in. Tliese machines are hyilraulically operated 
and electrically controlled by levers ami switebes located on the front 
vjf the machine. A master lead screw with barrlened and precision- 
ground threads closely fitted to a bronze nut drives the worktable in 
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both directions. This lead screw is driven through gears from the work 
spindle, which in turn is driven by a hydraulic motor with variable 
speed. This provides an infinitely variable work sjnndle speed range. 
AdjustaVile dogs are arranged at the front of the machine to actuate 
plungers in the hydraulic control panel to stop and reverse the table 
travel automatically, ami also change w'ork spindle speeds at either or 
both ends of the stroke. Taper threads may be ground, and the 
machine is provitleil witli an automatic backlash compensator and 
back-off attachment for grinding relieved threads on taps, hobs, etc. 
The maciiine is erpiipped with a pantograph type of wheel dresser to 
control tlie motion of three diamonds which dress both sides and 
the periphery of the wheel. 

Centerless (Iiundino Machines 

The centerh'ss grinding machine for external cylindrical or formed 
work consists td' two abrasive wheels each mounted on a horizontal 
axis, with the wheel surfaces ojiposed to each other. An adjustable 
work-supporting blade is mounted between the two wheels. 



Courft'siy Ciwinriaft AfUling Machine and Cincinnati Orindera, Inc. 

Fi(i. 25. Centerless (irindiiiK CCylindrical Work by the Through-Feed Method. 

Aiitoiiiiibilr jiisUnis uf ruHt iruii in. Iniitf and 3.1815 in. in dinm. ari? heinx jpcmiinil to w'ithin plus 
nr ininiia U.(NM)2 fnr roiiiiilfieH(!i, HtruiKlitni'8H, and nize whetn reiiiuvinK O.lNl.j in. uf atnrk in tliriic nitH in 
thn Nil. 2 ci'ntcrhriui ij^rindcr ut lliv ruii' of 175 finished iiistuns per hr. Siirfucu finish is 4-12 micro- 
inchm, r.in.s. 

The larger wheel, Fig. 25, known as the grinding wheel, is 20 in. diam. 
and driven at a .speed of 6,000 sfpin by a 15- or 20-hp motor. The 
smaller wheel, known as the regulating wheel, rotates slowly and acts 
as a brake to prevent (he work from spinning as it is held against the 
grinding wlieel. This determines the rotating speed of the work. The 
regulating wheel acts as a work support and, when tilted, feeds it 
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transversely. It is 12 in. in diam. and 4 or more in. wide and is driven, 
through change gears located on the right end of the machine, at any of 
twelve speeds from 12 to 330 rpm. The liighest sliced is used when 
truing. The widths of the grinding and regulating wheels are selected 
to suit the work. Both wheels rotate clockwise. The regulating wheel 
is mounted on a double slifle to permit afljustment of wheel and work 
rest for size variation in the work being ground, ami to inoA'e this wheel 
to and from the grinding wheel. The axis of the regulating wheel can 
l)e tilted from the horizontal to suit any grinding condition to feed the 
work continuously across the face of the grinding wheel, in at the front 
side and out at the rear. 

The cylindrical bars, extending radially Li]nvard from each wheel, 
carry diamonds or wheel trueis on their lower ends. The truer for 
the regulating wheel, after being adjustiMl for dejilli. is ieil on -i ilnve- 
tail slide across tlie wheel face by the hamlwlu‘i‘l screw, while that 
for the grinding wheel is usually ferl hydraulically. Because id' the 
versatility of the centerless grinder, thi’ wheel faces must be trued to 
a great variety of different forms. A cam id' any desii ed contour may 
be inserted as the ujijier gib of the cross slide to give this form. 

('enterless grinding may be divided inlo two general methods: 
through-feed and in-feed. Moilifieatioiis of these two mi'lhoils make 
it possible to ailajit the jiroeess to a large variety of work ground in 
small or large lots. 

Through-Feed Centerless Grinding 

When grinding eylindrieal work of .short length, as illustrateil in 
Fig. 25, both the grinding and regulating wheels usually are 6 in. or 
more in width. Two of the four standanl work guiiles are shown to 
guide the work into and away from the grinding cut. The two ri'gii- 
lating-wheel guides, one on the entering and the oilier on the exit siih*, 
must line up exactly with the face of the regulating wlieel so that the 
work does not deviate from a straight line in its jmssage through tlie 
machine. The axis of the regulating wheel is inclined fnun 2 to 7 deg 
from the horizontal, and this inelination, together with its ])roper rota¬ 
tion, feeds the rotating work across the face of the grinding wheel. 
The two work guides on the grinding-wheel side are not lined uj) ex¬ 
actly with the grinding-wheel face. They pievent the work from 
accidentally leaving its path of travel. In grinding cast-iron or 
aluminum pistons, as illustrated, the face of the grinding wheel is 
slightly crowned to open the wheel on tlu* entering side so that the 
piston starts to grind easily, and the stock is gradually removed. The 
piston revolves before entering and after leaving the cut. 
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It is often nppcssary to pass work between the wheels more than 
onee. The number of passes is deterniinef] by the amount of stock 
to bi; reinoverl, the condition of the work as to roundness and straight¬ 
ness in the rough, thi* nature of the work, the tolerances allowed, and 
the finish required. 

In grinding hardened-steel piston pins, 0.012-0.015 in. is removed 
in about six passes with a through-feerl of about 7 fpm, giving a net 
profliietion of 250-1100 pins i)er lir. Abciut 0.004 in. is removed at 
the first pass. In finish grinding the pins, 0.001 in. is remtived at the 
rate of 28 pieces per min. An A60-.I5 wheel is us(‘d with a coolant 
of 1 [lart of soluble oil to 40 parts of water The work is held roiiml 
and .straiglit within 0.00005 in. anrl to size within 0.0001 in. The sur¬ 
face finish is about 1-6 microinehes, r.m.s. Small cylindrieal work 
like piston pins ground in large quantities is sometimes fed to the 
wlu*els from an inclined eliute which feeds the work continuously to 
the wlieels.by gravity. 

In-Feed Centerless Grinding 

The in-feed nietliod is usually aiiplied to headed work, such a.s 
bidt.s, wiiere the cylindrical body only is ground. Both grinding and 
l■eglllating wlieels are of a width that more than covers the length of 
the body to be ground. An atljustable end-.<top is jiroviiled at the real- 
of the maeliine to prevent the work from entering between the wheels 
too fai-. This imd-stop aKso ejects the work at the finish of the 
cut. The axis of the regulating wheel is inclined deg from the 

horizon till. This feeils the work against the end-stop and holds it 
there during the grimling cut. 

When loading or removing tlie work, the regulating wheel is moved 
on its slide away from the face of the grinding wheel so that enough 
clearance is obtained to avoid contact of the work with the grintling- 
wheel face. It is fed forwai-d against a positive stop. 

Formed jiarts also may be ground between the two wheels by the in- 
feed method. A tapered lathe center is dropjieil between the two 
wheels onto the work rest, and the regulating wheel is fed forward 
against the })ositive stoi) which determines tlie size of the part, after 
which it is ejecteil. Other formed sections which cannot be ejected 
in this manner are dropped down between the two wheels when size 
is reached. 

When concentricity of the outer and inner surfaces of the work is 
desired, special fixture.s may hv employed, as shown in Fig. 26. The 
in-feed melhod is used in which the operator loads the parts on a 
mandrel and drops them between the two wheels, after which they are 
ground and unloaded at the rate of 700 pieces per hr. 
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Advantages of the centerless method of grinding arc as follows: 

1. As iipplictl tn short or long i-ylindrif.il work. Ilip prnri'ss is I'Dnliinious with 
thn Lhroiigh-feetl mnthoil. The in-feerl methoil rptiiiiips no churking of thi* 
work, and lliiis idlo inanhinr timo is induced to a iniiiimuiii. 

2. During the grimhng rut. the work is support ml rigidly, uliiiiiniiliug deftm- 
lion of the work. As a insult, roiiiparalivcly heavy ruts ran be taken, and long, 
hiillle pinres anil easily distorted parts 
ran tie gi-ound rapirlly and ari-uralely. 

3. Lf'ss stork for removal is re(|iiired, 
as ill reiUerli'ss grinding (he largest pos- 
sihle riirle is generated. 

4. Sizing is nior<‘ arriiiali'. as femling 
llo' regulating wherd in 0.001 in., for 
examiili', reiliires I hi' ivork 0.001 in. in 
diam. In a ri'nler-1 ype griiitler, 0.002 in. 
would lie removed. 

When grindiiig the average rigid 
work hy tlie eenterless inetliod, 
tlie stoi’k n'lnoval In he eoiisiilered 
should he at the rate of 1-1V 2 
ru in. per tnin jier In hp applied 
to the niaeliine. 

The Heahl Marliine C^o. nianu- 
faetures an internal or external 
centerless grinder. The recipro¬ 
cation and cross-fcetl of the wheel 
arc hydraulically controllcil. The work is held hy Ihrei' rolls, one 
large regulating roll, a small suiiporting roll, and a small pressure ridl. 
It rotates on its own .surfuce jirevioiisly linishefl. When the hore is 
ground tn size, the loading arm swings up, ejecting the linisherl jiiecc, 
automatically bringing a new part into grinding position. Hy means 
of a magazine or hfiiiper. a completely automatic loading cyi-li* is 
provided which, with the automatic, grinrling cycle, prniluccs 11 full 
automatic internal grinder operating enntiniiously as long us there is 
work in the loading magazine. 

Internal Ghindino Machines 

Various types and sizes of machines for grinding straight, tapered, 
or formed internal surfaces are in use. Most of tliese machines op¬ 
erate on the principle of slowly rotating the work vvliile the rajudly 
rotating abrasive wheel is reciprocated in light contact along one side 
of the hore. The work may reciprocate hut not revolve, while the 
wheel rotates rajiidly on its axis and rotatc.s slowly eccentrically about 
its axis to generate the cylindrical surface of the bore. 



Cvurleny Cinrinnaft MiVinQ Marhine 
aiid CiminnaH Mfindern, hw. 


l'''in. 20. Finish ('inici'iilrii' (•rinding 
Fyinxyliii (\‘ips Uiiid liarri'ls) fur 
I'liiintuin Frns iin ji Nii. 2 C'mil I'rli'ss 
(irindi'r in Oni' ln-Fm‘il C'ul, Rmiiuv- 
ing 0.010 hi 0.020 in. iif Shirk In m.ii 
.Xmirary nf 0.002 in. 

SiirfiLi'c Is 2 A iiiirrnincliiiH, r. ni..s. 
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There is a wide variety of portable and tool-post grinders, Fig. 27, 
used for precision grinding cylinders. High spindle speeds arc avail¬ 
able to permit the use of very small abrasive wheels under which con¬ 
ditions the wheels stand up well and give excellent results. Internal 
grinding attachments of this type also are standard equipment on uni¬ 
versal cylindrical grinders, Fig. 22. 

A type of internal grinding machine for toolroom or production 
work on small parts is shown in Fig. 28. The wheel rotates on the 
forward end of the spindle which, with the driving motor, is mounted 



CourUay Dumore Grinder Co. 


27. A Tiiol-PiKsI (iriiidiM' »St*t I'p on an Engine Lathe. 

(jriiuliiiK u ‘V.iK-iii.-iliaiii. huh; in li hliiiikinK ilii; uf tuut .stet;!. 


on a cross slide which may be fed transversely by hand or power feed. 
In grinding tapered or cylindrical work, the carriage is reciprocated 
automatically. The headstock may be swiveled to any fixed position 
when tapered holes are ground, or oscillated for grinding spherical sur¬ 
faces. Tile work is held in the chuck mounted on the headstock 
spindle and rotates to give the jiroper surface speed. The disk wheel, 
located in front of the wheel spindle carriage, operates the automatic 
feed device. It rough-feeds the wheel transversely to within 0.001 in. 
of size, as indicated by the electric gage shown above the work; then a 
cam action engages a fine-finishing feed which continues until the part 
is ground to size, when the power feed is disengaged. 

A close-up view of wheel, chuck, work, and dial indicator sizing gage 
of the Heald internal grinding machine is shown in Fig. 29. This 
machine is made as tlie plain internal grinding machine — the Size- 
Matic as illustrated, or Gage-AIatic. Both types are production 
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CourU»y Van Norman ^farhine Tool Co. 


28. Tho Van Norman No. 42 OsnillatiiiK (Irimlor AiTan^od 1o CiriniJ llii; 
Internal Sphorioal Suifanr of tlic Ford TTnivLTsal .loiiiL 



Fig. 29. A Close-Up View of the Hcald No. 72A Plain Internal Grinding Machine 
Arranged with a Dial Indicator for Sizing (Size-Matic). 


The chuck- and wheel-guardB are raised. The diamond truinK device is ahown juai back ol the wheel. 
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mnrhincs. Tin* Sizi'-Matic is nmro universal and is used in production 
work vvliorc the Ciage-Matic cannot be used, as on tapered or blind 
holes. A hydraulic drive is j)rovided for the table which gives great 
flexibility of reciprocating speed. An automatic grinding cycle on the 
Gage-Matic machine, Fig. 30, is arranged as follows: 

1. OpdiiLnr ihufk.s work tiiiil tlirows tjvri' llic sOirliiiiis li'vrr. 

2. Tlip wlii-i'l !i[lv;inii'S iu dll! work al nipiJ Livivorsf. fliMiiKiiig to ruuKhiiiK 
.si»cr*rl as i1. n’jiilit’.s llif- work. The giiarii is raisetl, and Lhe woik head and 
futting-fluid j)Uiiip start. 



I'm. 30. A Seetiimal View of the C-huck and ^^^M•k in a No. 72A-3 Gage-Matie 
liiteinal (handing Machine. 

('uHt-iroii vak'i^Kuiili' IniMliiii^ uri‘ liiuniE icrmitid ut tlio mbn of 75 por hr. ThL'y are ccntralizoil in 
Oil- liiir'kiiiK pliiti- hy it.H |iniji'i'tiriK huh aiul iiiir dowel iiiii, and cluiiipLul hy twn ruund-hoad holtt^ 
ij|uTiihul hyilraiilirally. 'I'lir liiiri> had hi'en rnainpd previuii.sly, Ipuviii^ about U.OlNi in. of stork. 
'I'lii* lohrriiiU'i'N iirn O.lHMjri in. on the diuiii. and 0.0002 iu. iiui iif rouiiil uiul ta|U'r. A cuulant of I part 
Huliihlo oil iLiul 50 parts wati'r is uhoiI. 

I'nsl rniigli grindiiig with roiigliiiig feed coniiniu's unlil lhe roughing plug 
g!ig(‘ eiileis tlie work nt lhe re:ir lo iinlirnU* that tin* work is within 0.002-0.003 
in. Ilf fini.sliiMl .size. 

4. The whei'l is withdrawn from the hole, and the diamond drops into posi¬ 
tion for I ruing llie wlieel. 

5. Till' I able speed changes to .slow ti'iiing .sju'ed while the wheel is trued. 

6. The wheel returns to the huh’, the diamond swings back to its resting posi¬ 
tion, the table speed changes to that reipiired for finishing, and the wheel feed 
is rediieed fur finishing. 

7. Finish grindiiig progresses with .slotv finishing .s^ieed and finishing feed. 

8. When tlie finish .size is reaehed, the finish plug gage in the spinille back 
of the work enters the Avork at the rear, (he ivheel wilhdraws at rapid traverse, 
is guardrMi, and all units come to i'e.s(ing position. 

The Hcald duplex internal grinder grinds aligned holes in the op¬ 
posite ends of Avork, such us wrist-pin holes in pistons and holes in 
cluster gears. The work is held in a central fixture and each spjndle 
operates indejiendently. 

The Bryant semiautomatic internal grinder. Fig. 31, has a wheel 
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slirlr supported on the overlicad cylindrieiil bar to permit cross-feed 
and loni^itudinal traverse. Both wheel sj)indles are driven by the one 
motor through the endless belt. The small straight wheel is for 
internal grinding, and the large cup wheel is for facing. The grinding 
of straight, tapered, and irregularly formed holes is made possible by 



changing the position of I he control bar, which bi'ais against the rear 
end of the cross-feed screw, or by the .‘^ubstitiilion ol a lorinerl plate. 
When the control bar is i)arullel to the wheel spindh', straight cylin¬ 
drical holes arc ground. It is swiveled to an angular [)osition tf)r 
grinding tapers, and is replaced by a teni])lct to grinil holes of any 
irregular longitudinal contour. 

For hole and face grinding, Fig. 32, the wheel slirle takes two suc¬ 
cessive positions, the first to present the small wheel for the internal 
grinding operation, and the second in which the small wheel is swung 
back to bring the large facc-griinling wheel into its operating position. 

The face and outsirle of the pilot of the cover for a i)neumatic drill 
body are being ground by the face and |)eri])hery of the cup wheel at 
I'ue operation in Fig. 33. A roller bears against the large master cam 
located back of the work faceplate. This swings the work spindle to 
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give the required profile after the wheel has been fed forward to its 
proper position. 



Fm. 32. Iliile Jiml Kune (JriiulinK a 
Uefrineratiir C^inniressiir C'ylinder of 
('iikL Inm nii a Bryant Nik 12-A Hnle 
and Face Grinder in One Ghucking. 



Fiii. 33. A Setup on the Bryant No. 
12 Internal Grinding Machine for ('aiii 
Attachment. Grinding and Facing. 


SliRFArE Gkindino Machines 

Classification 

Surface grinding inarhines are designed to iirodure accurate and 
sinnuth surfaces on parts. Surliiee grinders are eniistructed as follows: 

1. With riMiiniiiiiling wiitkialile and (rr) .slraigld wlirM'l luminled on liori- 
znnlal spindle. Fig. 31, tf>) eup Avlieel on verliral spindle, or (r) lup wheel on 
horizontal .spindle. 

2. Wilh roliiry table :uid (tr) straight wlioel mounted on horizonlal .spindle, 
or Ih) eii)) wheel on vertical spindle. 

3. The single or double opposed disk. 

Small surface grinding machines with reciprocating table and 
straight wheel miuiiited on a horizontal shaft are listed for small tool¬ 
room work. The table may be fed longitudinally by hand, iiiechaii- 
ically, or hydraulically. Reversing is accomplished by adjustable 
dogs oil the side of the table. The table may be fed transversely by 
hand through a small crank wheel, or meehanicall}^ at each reversal 
of the longitudinal travel in either direction. A setup on a larger 
machine of this type is shown in Fig. 34. A flat magnetic chuck and 
a wet grinding attachment, consisting of table guards and tank with 
circulating pum[), is used. The tank should be provideil with baffle 
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plates fnr settling the rutting fluid, and be cleaned easily. If east iron 
is freniiently grruind, an exhaust system may be installed to draw the 
dust away from the work through the wheel giiarrl. 

The vertical-spindle reciprocating-type surface grinder, Fig. 35, 
employs a cup-type abrasive wheel. Automatic down-feed of the 
wheel spinille for each stroke of the table is provided. 



34. Straigill-Wheel Surface Grinding on a Norton Co. 0- by 10- by SO-in. 
Type G Surface Grinder in Which the ^\o^k Is Mounted on an (). S. Walker C-o. 

Electric (Miuek. 


All A4n-I18VHE wheel is uhihI. 


The Diamond face-grinding machine has a reeiproeatiiig table and 
a large segmental cu])-type grinding wheel moiinterl to the sid(‘ of the 
table on a horizontal spindle. Automatic feed range of 0.001-0.010 
in. ])er traverse of the work i.s available for a total distance of 2% in. 
Faceplates, s])ecial fixture.^, or magnetic chucks are attached to the 
table to hold the work as it is j)assed hack and forth across the face of 
the wheel. NIachincs of this type are made with wheels up to 60 in. in 
diain. 

A horizontal rotary surface grinder with the taVile mounteil on the 
vertical spindle and a plain wheel mounted on the horizontal spindle is 
shown in Fig. 36. The table may be arranged either with an 8-in. or a 
12-in.-diam. magnetic chuck. If the work requires it, 3-jawed cliucks 
or faceplates with special fixtures can be substituted. As the work- 
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tablr slowly rotates, it is feil upwaril while the abrasive wheel is 
reciprocated radially over the surface of the work. 


X".- 




•I 


'I 




> > 




Fill. 35. IIiish-( Iiirlinn-Sti'nl IMiumr Kiiivits Tit‘iiiK .Surr.acii (irimixJ i)n ii Prat I ami 
VVliiliii'y H(Ti|iriii)aliuK-1’y|H! V'i'i'(ical-.S|niuili- Surfiico (iriiidiM' I'shin a .Sagitimitnl 
WImmO (32A4(Mi8VHK). 

All O. S. WiilkiT ('ij. iiiaKfiPtic iihudk of ull-8tunl ciiiiHtniptiDii Im iiHpd tu hulil thn work. 



Fiu. 36. The lleald Slylr Nii. 22 lluliiry Surraci* (iiiiuliiiK Miurliiiu’i ArrangtMl for 
Belt Drive In Tight iind Louse Pulley. 

For hardened st«cl, an A46-1BVHE Btrninlit wlieid it* uaed. 

A large range of feeds and speeds, together with the angular ad¬ 
justment uf the table, makes this machine ideal in toolrooms for grind- 
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ingt flat, roncavc, or convex surfaces on dies, cutters, and gages, or for 
iinscellancous surface grinding. Many are used on straight produc¬ 
tion work for grinding piston rings, collars, dies, disks, and milling 
cutter and reamer blades. 

The Blanchard intermediate-size rotary surface grinder, Fig. 37, 
has the abrasive wheel driven directly by the lower end of the vertical 
motor shaft. The rotating table also is mounted on tlie vertical shaft. 



Fifi. 37. 'rill' Nil. 10 [ligii-I^iwi'r, Vi'Hip;il-S|iinfIli*, Itnl.'iry-'rsihli'Siirfacc (jiririilnr 
.ViTiinm'il Fur DiriTl-Miilnr Drivi'. 

.V rinF'-pii^rr, .sted, iiiaKiirtii- i;liiir;k 2(1 in. tliaiii. i^< on tlii* talili- tn hulil tlir wnrk. A Hi‘e- 

iiii'iitiil 12 V'lnU’ (Nurtiin) i.s iisimI frii- linril .sttMil, M2A24-IHVU1'^ fur Hiift Ntiicl, liiiii 

t'2-1-118V fur I'lwt iniii. 

The tahle is shown withdrawn from heiieath the wlieel for loading. 
Tliis machine is used on a wide range of production work and also on 
die and tool work. The work to be ground i.s clamped in work-holding 
fixtures or laid on the rotary magnetic chuck, while the table is being 
slowly rotated by means of foot jiressure on liie pedal at the front. 
The table is then moved forward to bring the eeriter of the chuck just 
under the front face of the cup wheel, in which position it is rotated, 
■die wheel head is then fed gradually down by hand or power until the 
desired size of work, as indicated on Llie gage, is obtained. The metal 
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is removed by a series of shallow cuts over the entire surface of the 
work. When the correct size is reached, the downward motion of the 
wheel head is stopped, the wheel is raised at rapid traverse, and the 
table is moved out by the 4-handled wheel to the loading position 
where the work is removed. 

The double-spindle grinder, Fig. 38, with built-in 15-hp motor 
drive operates the two 22-in.-diain. grinding disks in oi)positc direc¬ 
tions at 1,200 rpiu. Tlie magazine and conveyor adai)t the standard 
machine to the grinding of piston rings. The rough castings arc shown 


.1 



Courtesy Ilani hrtt ManHftU'luring Co. 


I'm. 38. '^riic Nil. 221 Douhln-Spindli; ()ppi3Si*d-Whri*l Grinder. 

Sot iifi with B. iimmtxiiio nml miivi^ynr fur EriiulinK RaHt-inm lUHtnn riiiKH at thn riilL* of 2U() p^r inin. 
Nu. 02-1-7LT2 Nurtuii iif Hukoliti' luiiiii unr iiboiI fur niiiKhiiiK. Fur Mi'iiiifiiiisliiiiK. GOL wheels 

are uhl'iI. WhLiil wrur uii Mu* muKliinK uperatiim is ahiiut 1 in. iif whool per GUO.IKM) tu 1,000,1)00 riiiKS. 

stacked in the hopper at tlie left. They are carried by the belt con¬ 
veyor to the chute which passes the rings in a vertical i)lane between 
the rubber rolls controlling the rate of feeding the rings between top 
and bottom guides diaiuetrally across the face of the wheels. A\'heel 
dressers of the rotating metal ilisk type are located on the forward end 
of the central lever which is rocked forward when the wheels are sep¬ 
arated. Reeves variable-speed power transmissions are used to control 
the speed of the conveyor belt and rubber feed rolls. A roughing 
operation removes 0.010 in. from each side of 3V^>-in.-diam. ring cast- 
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they are fed at the rate of 75 fpni between the wheelp. A 
seinifinisli grinding oiieratiim on a similar setup removes 0.003 in. 
from eaeli side. From 0.001 to 0.002 in. is left for finish grinding, 
one at a time, on a rotary table grinder in whieli approximately 15 
.sides per min are ground in each of the roughing and finishing oj^era- 
tioiis, with one operator running up to three maehines. Revolving 
drums or reeiprocating fixtures of many types are useil to carry the 
work across the face of the disk wheels. 

CuTTiNo Fluids for Grinding 

An emulsion of soluble oil and water is inexpensive and satisfactory 
for general grinding. The life of the wlieel anti the ])nnluL’tJon rate 
are increased by using appropriate cutting fluids. A large quantity 
should be circulatetl. For steel, 1 jiart tjf soluble oil to 40-50 parts 
of water is recommended. Wlien grinding east iron, 1 part of soda 
solution of about 25 per cent concentration may be aihled to the 
above emulsion to arlvantage. Two parts of ki^rosiuie are sometimes 
added to the emulsion in lieu of the soda when grinding aluminum. 
The kerosene tends to keep the wheel from loading and prevents glaz¬ 
ing. When grinding fiber, i)arafrin oil is best; but when grinding 
rubber, carbon, Celluloid, casein, etc., plaiji hydrant water may be 
used and thrown out in order to remove the material helil in suspen¬ 
sion. A light mineral oil is used on thread grinders where the best 
surface fini.sh is required. Special cutting fluids are used in honing 
and lap|)ing, as discussed under those su))jecls. 

Tool and Cutter (iniNDiNti Machines 

Grinders for .s|)ecific jiurposes have been illustrated in the several 
chapters for grinding drills, taps, single-|)oint toids for lathes, planers, 
and shai)ers, milling cutters, and broaches. 

Power, Volume Ratio, and Surface Quality in 
Cy I.lNDRl CAL G R1 NDl N li 

For an in\'estigation of cylinrlrical grinrling, a No. 2 Cincinnati 
eylindrical grinder was equijiped with a 7-1 iji d-c motor to drive the 
14-in.-diam. and IVo-in. face wheel, a 2-hp d-c motor for traverse, and 
a ^/^-bj) d-e motor for work rotation to make available any desired 
cuinbination of wheel and work s[)eed, traverse, and in-feed for any 
type of wheel, grinding compound, and material. A recording watt¬ 
meter was connected to the wheel motor so that tare, gross, and net 
power could be recorded. Wheel wear; metal removal; surface finish 
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in niinoincIioH, r.m.s.; net power; anil surfare temperature of the 
work were obtained from each test. V'olume ratio ( Vr) equals the 
volume of metal removed (Vm)j divided by the volume of wheel 
wear (Uu’). 

For example; in one .serirs nf trsls an SAE 52100 steel bar (2 in. in rliain. 
and 10 in. long) hardened In 63 Roikwidl C was gioiinil at 6,500 fpni with a 
ileplh of rut for earh traverse of 0.001 in., a lable feed of 26 in. per min or 0.081 
in. per rev of Ihe work, with the work speed of 320 rpm, using a waler-sohihlc 
oil of 5 per riml hy volume in W'aler for earh of two wheels. One wheel was 
AB0J6V10 and llie sf'eond was A150J6V10. Tlie volume ratio wjis 70.5 for the 
80-grit wheel and 52.6 for the 150-gril whetd. The ]ip„ was 2.84 and 1.85, respee- 
tively, the unit hp,, was 18.0 ami 12.4, anil the perii'iilage inerease in lrp„ for 60 
traverses of the work was 38 and 6 pf‘r ri'iit, resjiiM-tively. The temperature 
inerease on I hi* woik suifari' uvi-r tJie initial temiii'iature was 10“ anil 12“, and 
tlie siirfaee finish with no spark out was 28 and 20 mieroinrhes, r.m.s., res])ef*tively. 
This shows the two whi'els to lie lu'arly eipiivah'nt so far as siirfafe finish and 
Ifiniierature inerease are involved, but the 80J wheel had a greater volume ratio 
while the 150J wheel had the lower hp„ and unit hp,,."'' 


The unit net hnrsepnwer iii the nintnr, wluTi ^^rinding a hard 

and .soft steel and a hard ami stdt east irttn at eaeli of several 
eomltinations of depth of eut anil feed, is shown in Fig. 39. A grind¬ 
ing eomitound nf 5 per eenl sidiilde in water was used at 5 gal i)er 
min at 70" F. For these wheel and grinding ennditiniis, the grinding 
was too heavy for cuts of 0.0()3-in. depth and 0.1(i2-in. feed. The 
eurves show, however, that the unit net power is lower for the 
heavier cuts with 7 as a pruetical minimum. 

The unit net jiower /ip„, when grinding the above two steels and 
irons and an SAE 52100 steel at 63 Rockwell C, with wheels of the 
above size of various grains and grades at 6,500 fimi grinding sliced, 
250 fpm of 2-in.-diam. work, 0.001-in. deplii of cut and 0,081 ii)r 
feed, and the water-soluble solution of 5 i)er cent, is as follows: for an 
A46-.I6-V10 wheel, the unit hp„ was 17 for 20,000 psi cast iron, 
18.5 fur 40,000 psi cast iron, 20 for SAE 1020 steel at 131 Bhn and 
SAE 1045 steel at 260 Bhn, and 24.5 for the hardened S.\E 52100 steel 
at 63 Rockwell C\ An A46-N16~V10 (slightly harder) wheel gave 
about the same results as did an A60-J(>-V10 and A60-A16-\T0 wheel, 
although the net power per euhic inch i)er miiiiUe for the soft iron 
increased to 25 for the 60-Al wheel. Tlie lowest unit power values 
were obtained for an A150-.16-V10 wheel with a range from 7 for 
the soft steel to 13.5 for the hardened SAE 52100 steel. 

The i)erformance for these cutting conditions was best on the 
SAE 52100 steel when using an A150-06-V10 wheel at 6,500 fpm 
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nitlier than at lower speeds. At this speed t^vith no spark out) the 
:.iirfMee linish in inicroinchcs, r.m.s., was 35 at 4,5()i) fpiii, 32 at 5.500 
[pin, and 28 at 0,500 fpin. The .siirfiiee linish is best inr tlie liarder 
lii’iides id' tliis f^rit and at the liighest speed. It beeuines poorer at 
heavier euts fur all metals. 



Depth of Cut 

O.OBl 0.162 O.OBl 0.162 O.OBl O.OBl 

Table Feed, ipr 


FiiJ. 3!). Curves .Shiiwiiii? t 'liil Net Uni sejunver :i1 llie Mol nr When CrintlinK Cue 
Soft sinil One lliirtl Steel, tinil a Soft :inil Ilunl ('jlsI Iron for Dtivh of Severnl Coin- 
hiiuilioiis of Dejah of Cut ninl Table I’eeil. 


Tilt- jiriiiiliiiK wlipfil .4HI)-Mfi-Vin uiH'raleil at li.^DO f|iin. thi- work iil. ;t2[) rpiii, wliilt- riialail with a 
wiiliT-siiliibhi r ioniiiiiinil uf o pF-.r fil'iiI in watiT al kiU pi-r min sit 7U" I- . TJir win-i-l fuic wuh I l a iii., 
its Ilian,ftLT woii 14 in., tlm wurk wa.s 2 in. in FliuniLaL-r sin.l lU in. loiiK. im-l ihi; whur-l nlnsinirl thn wnrk 
ttl uur.li end. 


In KL'iR'ral, for good restdts from tliosc tosts, a surfaces cimilily of 
25 mirroinches, r.m.s., a unit not horsciiowiT ol 13, anil a voliiiiie 
ratio of mt'tal roinoval to whorl wear of 50 should he obtained. 

Values of uhp„ may be computed for an AloO—\lfa—\ 10 wheel grind¬ 
ing hardened SAE 52100 steel with a wheel speed of 6,o(K) fpni and 
wnrk speed of 2 in. diam. at 320 rpin at various depths of cut and 
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frrri, as folluws; Given uhpn X -- 0.382, when d = 0.001 anrl 

/ - 0.081, yhj)„ - 14.4.“" 


HONING 

Definition of Honing 

Honing, as a])|)liLMi to small tools or flat surfaces, is an abrading 
u|)eration in whicli a honing stick or stone is used. Small natural 
stones known as “ Pike or “ Arkansas ” stones have been used for 
years to whet or shariien seythes, knives, razors, etc., by hand. Manu¬ 
factured “ India oilstones were deveh)i)ed to sui)i)lenient or rejdace 
the stoni's of natural abrasive rock. Small ‘ Inilia ” oilstone wheels 
are used in more delicate grimling o])eratioiis, such as grinding small 
watch i)arts. 

Numerous slia|)es and sizi‘s of abrasivi* sticks and bricks for hand 
ami iiiachim* use an* now manufactured by bomling silicon carbide, 
alumimiin oxirle, and diamond abrasives. Abrasive bricks 2 in. by 
3 in. by ti in. of 24-grit silicon caiLide, grade Q, often are used by 
liami for smoothing large gray-iron castings where portable grinding 
er|uii)iuent is not available. It is common practice to hone the 
cutting edges of cutting tools such as drills, reamers, and single-point 
tools, after .sliari)t‘ning or periorlically (luring us(‘, by a hand opera¬ 
tion using, lor example, vitrified sticks of CloO-Nb for roughing and 
G4ni)-L for finisliing. To remove hard scales from glassware molds 
and metal dies after beat treating, and for many similar purjjoses, 
sticks varying in size from Vi to 1 in. sc| in lengths from 3 to 8 in. 
are used. For roughing, the Norton Go. recommends silicon carbide, 
vitrified sticks of 120-180 grain, ,I to L grade; for intermediate stages 
320—400 grain and H grade; and for the final surfacing (iOO grain of G 
grade. Sticks equivalent to those mentioned are made by many 
manufacturers, having sections round, s(|uar[‘, rectangular, triangular, 
knife-edged, tapered, etc. 

Honing, as ajiplied to finishing external and internal cylinders, 
bores, and tubes, is an abrasive npiaation in which a honing tool 
equal in diaimder to that of the bore is used as described below. 

Types of Hones 

.lust a few years ago cylinders of internal-combustion engines, 
comi)res.sors, etc., were finished by boring nr reaming. Later internal 
grinding machines were used to finish the surface. To remove the 
fuzz and high siiots left by grinding and to give a better wearing 
surface, a lap of soft material, such as wood, lead, or cast iron, was 
used next in connection with a fine abrasive in oil. This lap was 
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ruciprucated and rotated in the lyliiidur. It removed very little 
metal and required considerable time, so laps were replaced by honing 
tools built up of bonded abrasive sticks of square or rectangular 
sections applied against tlu; work with low unit pressure anil sjieeds 
over a large area ol contact. A combination of rotating and reei])ro- 
eating motion is employed, as illustrated in Fig. 41. Hones are most 
generally used alter fine boring or reaming to get the bore round 
ami straight with a suitable surface finish. C.'yliiiders from Vs to 42 in. 
diam. are honed for such work as guns, motors, eomi)iessors, ami 
pumps, and many other })arts.’‘ 

Hones with six stones liave been found to operate satisfactorily 
umler most conditions. Four stones are ofUai used for diameters 
Ik'Iow 3 in. More may be used in larger sizes to jeinovi* metal faster 
or to bridge large j)oj 1 ojienings. Om* stoni' and I wo plastic wipers 
are (dten used on small work. The abrasive stones are usually 
mounted in initial holders in a true relative ])iisition in llu‘ hoiu‘ shoe. 
The size of the hone is controlled by supporting the shoes solidly on a 
central longitudinally adjustable cone. These tools will remove a 
tajier from a cylinder, grind it to the form of a true circle, and to 
final dimensions within one or a few ten-thousandths of an inch. 
Although this o|)eration is usually referred to as honing, the tools are 
substantially solid segmental grinding wlu'cls of a compensating and 
adjustable tyi)e. The expanding cone or cones make a soliil backing 
for the stones. Some hones are supj)orted rigiilly in the machine 
spindle. Fig. 41, and the work is held in a free floating fixture. Others 
are free floating in the si)iiiille, and the work is held rigiil. Fig. 42. 

Hones arc built in a wide range of sizes ami also in forms for 
through-hole anri blind-end honing, [is well as trinilem hones. 

Tandem hones, consisting id' a double row of honing stones with an 
expansion cone for each set of .stone holders, are generally used for 
large and long eylinilers. They are faster rutting and havi* a greater 
tendeney to produce straight bores. 

Hones may be expandeil to overcome tin* wear of the stones ami the 
removal of metal, manually by ratchet, by three fingers. Fig. 40, by a 
friction brake, or bydraulirally."' 

A common ty|)e of spring-expanded tool i.s the three-finger auto¬ 
matic lioning tool shown at A in Fig. 40. This tyjie has been used 
extensively in the automotive industry for boning cylinder bores, but 
is now largely rejdacerl by a tool with a jiositive controlled increment 
feed. As the hone enters the bore to be bonerl, the three fingers on 
the upper portion of the drive .shaft enter a giiiile bushing located in 
the fixture above the bore. The bushing forces the finger.s together, 
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tliii!? rniiipressing a caged spring. This causes the cxiuinding rnne tn 
advance and fnrcc the abrasive stimis against the wall of the bore. 
The friction of the rotadiig lingers against the slationary sleeve eauses 
a drag on the tool, so the honing stones exi)and continuously as the 
stones wear or the bore is enlarged. The tool is fitted into the Morse 
ta])er shank of the iiuiehiiie si)inille. The ujiiier jiart drives the lower 
l)art througii a universal joint with a bayonet lock. The brake-type 
tool, B in Fig. 40, is ineehanieally expanded by means of an ailjusling 
head built into the driver. The cone rod is screwed into the tool 
dri\ e shaft, and the scpiare end id‘ the cone rod fits into a gear in the 
adjusting heail. A hand-oj)i‘ratcil friction brake slows down the 
rotation of the com* rod in relation to the tlrive shaft, thereby adN’anc- 
ing the cone by the action of the threails. Hydraulic tools such as 
tliat shown at Fdg. 40, are used on machines equipped with a hy- 
(h'aulic system. They are best suited for honing hard jiart.'- where 
high pressures are retpiired to remove largi‘ Minoimts of sli>ck. An 
ailjusling head whii'h is part of the drive shaft is also useil on this 
type of tool to compensate for stone wear. Hydrobrake tools illus¬ 
trated at L) are a combination of tlie l)rake anil hydraulic types, 
incorporating features of each. The tool can be exi)anded either 
hyilranlically or by means of tin* friction brake while the tool is 
cutting. The inicroinidd toid, is made by molding the al)rasive into 
a ])histic holder, reinforced umlerneath with a sti'cl grip. This moliled 
stick with stone side o])en replaces the conventional shell, stone holder, 
and intermediate expanihu'. T\\v bottom surface of the moimling is 
tapereii to the same angle as the feed-ont eune nf the boning tnnl. 
The plastic wears with the abrasive, thereby pri-venting spalling (d‘ 
the edges of the abrasive. 

A boning tool of the rigid tyi)e, that is. fixeil in the spinille. is 
shown in the small hnrizontal Hydrnhoner illustrat(*d in Fig. 41. Tlie 
initial expan.^ion of the tmd is causi'd by high-pressurt* oil entering the 
tnp of the cylinder in the tool, thus exerting a direct tlirusl on the 
hydraiilie. jiiston. This tliriisl is transmitted through tln' s])indle 
and adjusting head to the cone rod. This exiiansion takes place at 
the bottom of the fir.«;t stroke. The piston is locked in this position 
until the end of the eyrie by a jhii wliii-h enters a bayonet lock. 
Thus the tool can be cidlaiised only by hyilranlic jiressnre a|)plied to 
the underside of the jiistun. The expansion of the tool during the 
honing jiroecss i.s aeeom])lished by rotating the adjusting sleeve either 
manually or hydraulically. 
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Types of Honing Machines 

Honing niMcliiiu's an* \um\v in varimi.s typi's and sizes. Tlie object 
of each is to rotate anil reciprocate the hone. Tlie inai'hines may be 
classifiial as follows: 

1. Sr‘i'vjr'i> (jfih-Hlm]j) hnriiiig iimcliines. 

(ft) l^orttihh' cliu-trii'-ilrill ilrive. 

(/)) Pnrliiljlc si'lf-rnnliiiniMl iinu'liiiic. 

(r) CuiTihiuiLliini hnrin|£ and iKiuin^ inar-liine. 

2. Siiiglc- ur iiiiiltiple-rylinilcr )ii'i)fliii‘liijii honing, 41 and 42. 

а. Hnnzcmtal, vtM'ticnl, or aniculiir s]iinill(:;. 

4. MjiniiMlly nr aiilniiialii'ally npcralcil. 

5. TiiiiKi'-cyliiiih'i' liiininis. 

б. Ijiiiifi'-lilhr 

Most moiieni pnuliictioo honing machines reciprocate the tool 
liyilraulically so as to give uniform traverse spt'eil, a cushioned reverse 
at each end, and Mexihility as to oj)erating cycles. 

A horizontal honing machine i'or liigii jiroiluction of small i)Lirts 
is shown in Fig. 41. The work held in a full, floating fixture is 
mounleil on the talile, wliicii rajiid-traverses to the hone hydraulically, 
then reeijirocates llie work over the hone until final size, wlien the 
table returns to starting position. WUvu the work reaches the hone, 
the hone starts to rotate and oseillate rapiilly from in Vi-bi. 

length id’ stroke. One belt on tlie driving motor rotates the hone and 
a second hell ilri\'es the swash plate to give the rapid oscillations. 
The hone is expanded hydraulieally. 

The Mieromatic Hone Oo. makes machines with one sjiindle which 
hone one piece at a time, other machines with two spiniiles which lione 
two pieces at a time, and still others for finishing a part in a two- 
sjiiiidle, three-station macliine in three .successive stejis: load, rough, 
and finish. Tlie large ends of automotive connecting rods are honeil 
two at a time in a two-spimllc machine, removing 0.003-0.004 in. of 
bearing metal in a 4r)-sec cycle, and held within 0.0005 in. in diam. 

Inner races fur ball bearings arc progressively honed in three steps 
with 0.009-0.014-in. total metal removal on diameter at 500 iiieces 
per hr and held to a folerance of 0.0001-0.0003 in. Each lioiie is of 
tile Micromold (sticks in jilastic) type with Microsize control. 

The plastic wears with the stones to exact hole size. As the hole is 
enlarged, the plastic fits a sintered-carhidc or Xorbide ring gage im¬ 
mediately above the work. Friction twists the gage ring and makes an 
electrical contact to stop further proce.'^sing. 

Some machines employ the air-gage principle to stop the honing 
operation when the correct size of work is reached. 
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The Sunnen Products Co. makes a small honing machine, the 
spindle of which rotates and expands the hone mechanically, while 
the work is reciprocated and held on the hr)ning unit by hand. This 



Fio. 41. "^^rhe Micniinatic Horiziintal Hyilrr»lir)iicr Inr Small \tiirk. 

This has a hurizuiital Muinillc, tlu; k-ft 1*1111 i»f wliinli carriKs tlie hyilraiilically nxTmnrlerl lioninu tiitil, 
whiirh rutatCH and reniprocatna rapidly up ki '<i in. initximuiu. Tliu wurk ia huld in a full llrmtinK fixture 
■iiijuntecl uii ihi: table, whinh ia niciprucated hydraiiliRally. 


will hone sizes from */s io 2'% in. in diain., and units can he inter¬ 
changed in less than 1 min. Accuracy of 0.0001 in. and closer can 
he maintained while surface finish can he held from 2 to 6 microinrhes, 
r.m.s., on liardcned steel parts. Honing units are iiiaile uj) in various 
s'?ts of selected sizes. The lioning tool consists of a holder for one 
stone anil two plastic work guides to give a ihree-point siipjiort in the 
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hole. Four speeds of 250, 410, 600, and 820 rpm are available at 
the spindle, whieh is driven with a Mrh|) motor. This machine is 
fast and accurate for small work for botli large and small quantities. 
In honing cast-iron bores with roughing stones, a surface finish of 



Courtenu Barnes Drill Co, 

I'lri. ‘12. Till* New No. 320 N'orl.ir.iil Mulliplc-Spiiullc Ilyilrjiuliciilly RiT.ii)ror;ili‘il 
lloikiiilir Miirhiiir Kipiippiul with :iii KiKht-Spiiullf Fixi'ii Oiilcr Auxilijiry HpikI lor 
tho ()pm-:i(ioii of Mirromiilic llyilniulir-'rypo Honing'Pools liorl llyilrMulip ('hiinpiiiK 
I'ixluiT lloliliii^ :ui Fight CVliniliM' Motor Block. 

'riif rutiir Kiiiivi*yi)r in Hii' tiililf Ls )i part of thn mnvpyor linn, sd that ryliiulers aru lirniiKht t,n anrl 
tiikoii rniiu thi^ iiiui'JiiiiP with the yreati*Ht iif wimc. Thr Hanips inaKiietir c.hip Nuparator if= shnwn at 
thp li'tt. 

21 microinches, r.m.s., can be obtained; with finUhing stones, AY* 
microinches, r.m.s. AVlieii honing hardenetl steel with nmghing .stones, 
the surface measures 7\A microinches, r.m.s., anil witli finishing stones 
it is reduced to 1 *4 niieroinches, r.m.s. 

The Btirnes Drill Co. Xo. 32U multiple-cylinder, vertical, hydraulic 
honing machine is shown in Fig. 42. This machine is provided with 
a hyilraulically reciprocated head and eight hydraulically o])erated 
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Nlicroinatir honing tools. The clamping of tJie cylinder blocks in the 
fixture is also accomplished hydraulically. The sjundle-drive motor is 
30 hp to provide peripheral speeds to the hones of 200-220 ft j)er min. 
A lo-hp hydraulie-tlrive motor reciprocates the hones. The cutting- 
fluid pump is driven by a V-»-hp motor. The machine i.s jirovided with 
a magnetic chii) scjiarator wliich removes all ferrotis material from the 
cutting fluiil. The cutting fluid flows from the chip ])an of the 
machine to the rear of tlic separator. It then flows underneath a 
cylinrlrical drum to the front, where it is discharged into the base of 
I lie honing machine for recirculation. As the laitting fluid flows under 
the drum, wliich is rotating to opjiose the flow, permanent magnets 
on the inside of the drum cause tlie ferrous chips to adhere to the driiiii 
to he carried over tlie top to the front, wluu'e they ai’e scrapeil otT 
anti deposited in a chip pan for disjmsal. One machine uses loO-grit 
stones for rough honing for sizing ami accuracy, while the second 
macliine, using 5tK)-grit stones, finishes the hon‘ to witliin 0.01105 in. 
of tolerance to a surface finish of 2-8 microinches, r.m.s. 

Honing practice: Cylinders are often finisherl in two lioning ojiera- 
tions, one in which comjiaratively coarse honing stomps are useil for 
rapid removal of metal, and a second eiujiloying fine-grained stiuies to 
provide a smooth surface. 

On a well-reamed or finish-hored cast-iron cylinder, a hone can 
(piickly finish it to an accuracy within 0.0005 in. liy operating at rotat¬ 
ing ])erii)heral sjieeds of 110-200 fimi. The stroke speerl or siiindle 
travel for cast iron should he? from 50 to 110 fpm. For honing soft- 
steel cylinders, from 0.0015 to 0.002 in. can he removed hy the hone 
while it is operating at a periidieral S|)eed of 50-110 fpm ami a spindle 
ri'i-iprocating speed of about 20-90 fpm. The length ol the cylinder, 
idus the overrun of the hone at each end, minus the length of the stone 
in the hone, determines the length of the stroke. The ratio of the 
stroke cycles to revolutions per minute is about 1 to 3Yj. 

The average practice of eight large automotive plants using Micro- 
matic hones follows: In a cast-iron cylinder diameter of 3 in., 0.0015 in. 
of stock is reim)ved in 10-15-stroke cycles with a tolerance of 0.0005 
in. out of round and taper, with a surface finality of 12-20 microinches, 
r.m.s., honing about 90 blocks per hr, using a hone with six stones 
of C 150 M. The work is flooded with kerosene, and about 700 holes 
are produced j)er set of stones. In some instances, to secure a better 
surface finish of 2-8 r.m.s., a second honing operation is performed 
with 500-grain stones. Stones of medium grain of 320 grit and on 
the soft side are used in single-operation honing. 

Softer stones are used on harder metals. High reciprocating speed 
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rausfs faster euttinj?. Finer |;^rit sizes imil ninre inulticlirectiniial 
artioii belween stone and work, longer run-niit time after reaching size, 
and higher s])eed of rotation will improve the finish {Marhinpr}/, 
June, 1948, p. 145). 

Honing is apjilied sueressfully to relatively small bores in which the 
length is less than the diameter. The erankpin hole in connecting 
rods for small internal-combustion engines, rocker arms, roller-bearing 
races, gears, etc., represc'iits this type. A .special tyjie of hone is 
rigiflly guided vertically and the work is allowed to float, whereas the 
usual jiractire is to holrl the work and allow the hone to float. The 
Forrl connccting-rofl main bearings are lioned four at a time in this 
manner in a fixture holding four roils, one above the other flisjdaced 
angularly, support(‘fl on a fixed pin in the piston-pin hole. The larger 
end locati'd undi'i' the hone floats. These bores are well below 0.0003 
in. for roundness, straightness, and diameter size, being much less 
than could lie obttiined by internal grinding or diamond boring {Iron 
Afie, July 21, 1932, p. 98). 

Large-diameter bores are honeil in horizontal or large vertical 
machines. Diesel-engine cylinders 14 in. in iliani. by 54 in. long are 
honeil on a vertical honing machine of the hydraulic ty|)e ef|uii)ped 
with heavy-duty hones, in 10 min floor to floor, removing ai)i)roxi- 
mately 0.004 in, of stock. 

Long bores, tubi's. and guns are honed successfully. The machines 
are usually of the horizontal ty])e with the hone reciprocated hy¬ 
draulically. 

Cutting fluids: Kerosene and mineral sj)irit.s have been found to be 
good coolants to use in connection with honing cast iron or hard steel. 
Sulphurized mineral-lard oil or lard oil and kerosene gives better 
results when honing soft-steel cylinders. A water solution has given 
excellent re.'^ults. Eipial parts of kerosene and reil engine oil are 
used on bal)bitted bearings, A cojiioiis and continuous supply of 
the coolant should be circulated, and it should be settled and strained 
before being recirculated to free it from minor imrticles of metal anil 
dirt. Magnetic chip separators are being used to seiiarate the ferrous 
cliips from the cutting fluid before it is recirculated to the tools. 

Lapping 


Deflnition of Lapping 

Lapping is a process of producing extremely accurate and smooth 
surfaces by means of a charged lap, or a lap and fine abrash'e com¬ 
pound. Lapiiing may be done by hand or by iiiacliiiie. In some 
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machines so-called lapping operations, abrasive paper, and solid fine- 
grain abrasive wheels are used at slow speeds as described below. In 
general, the jmrjiuse of lapjhng is to reduce the minute hills and valleys 
left by machining or grinding operations. In tool making, or in the 
production of close-fit Ling running parts, where accurate du])lieation 
or fitting oi parts is necessary, lai)ping reduces the chance for wear 
hy providing a more uniform bearing surface and insures the mainte¬ 
nance of dimensional standards. In o|)lical work, lapping is resorted 
to for the j)uri)ose of obtaining accurate dimensions, as well as a finish 
that will not interfere with light waves. 

If a part is to be lapj)ed to final accurate ilimension, a mating form 
of a softer material, such as soft close-grained cast iron, coiijier, brass, 
or lead, is matle up. The surface of the laj) is charged with a fine 
ahiasivc, such as silicon carbide Hour; or a sojall amount of abrasi^’e 
mixed with lard oil, olive oil, machine oil, kerf)sene, iilcohol, gvease, or 
a special maiiufactmed lapping comjiound is placed between the two 
surfaces while they arc I'uh’oed together along an evei-changiiig j)ath. 
llanrl lai)])iiig rerpiires considerable skill, time, ami paliema*. No 
more than 0.0002-0.0005 in. should he left for removal hy this 
method. 

Surface plates, rings, and plugs are coimnon forms of lai)s. The 
seating of vahes in a gas engine is a common illustration of lapping, 
the valve itself serving as tin- laj). C'roeus or lime is useil in lai)ping 
))ronze or brass, or with a east-iron or lead hij) for fine work on steel. 
A soft cast-iron jlisk with its surface im])regnati‘d with diamonil dust is 
rotated in a maehine for lapping siiitered-earhiile tools to obtain a keen 
cutting edge. Hnron cari)idc (B,C') or " Xoil)ide’’ and bOO grain 
is used for rough and finish lapjnng gages of Stellite, high sjieed steel, 
chromium j)late, and sintered carbide. In geneial, coi)per and soft- 
steel lai)s cut faster than cast iron, hut cast iron retains its form 
better. A surface r)uality of microinehes, r.in.s., is tibtainetl in 

this manner. 

To produce a true surface jihite, for example, three such plates arc 
retjuired. Two of them arc first scrapeil or laiipcil together with a 
thin film of fine abrasive comi)ounil between tliem. One of the two is 
then scraped <ir lai)])cd with the third, the thinl with the second, etc., 
until tlic desired rondition is obtained. 

Machine lai)|)ing. Fig. 43, is used widely for fine finishing of gears, 
ball- and roller-bearing races, crankshafts, j)istt»n i)ins, iiiacliine bear¬ 
ings. gages and measui-ing in.struiiieiiLs, ami huntlreds of other parts 
wliere accurate dimension, the finest finisli, or a long-wearing surface 
is required. Commercial lapping compounds are now available, in 
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various grarics and grit sizes, consisting of a fine abrasive held in an 
emulsion, oil, c)r grease. 

Types of Lapping Machines 

Lapping maehine.s are made in a variety of types and sizes fur 
large-quantity produftiuii, but standard inaebines may be adapted to 
lapping operation.'^ in the job shoi) toolroom where the cpiantity does 
not justify the specialized machine. Cylinilrical jilug gages, tool- 
makers’ buttons, pistons, crankshafts, as well as the sides and ends of 
parallel gage blocks, and teeth of gears are classes of work which may, 



CourtPHy Norton Co. 


I'lfj. 43. IMiiriiiiii^ Liippinic SiimilhuuMm.sIv 'r\vi» (’immilrir DiiuiU'liTS of an Air- 
11 aiuiiier Pi.stiiii by Mi'iins of Spi*ciiil Uasl-Iioii Laps. 

A ijf -JI.IHH)! ill. mill :i siirrm'i* iiniilily nf I 4 iiiii-riiiiii-.lii‘,s iiri* iil.it;iini‘iL 

for the pnrpiise of aeeiiracv and better liiiish. reciuire lap|)ing. Cylin¬ 
drical work may be lappeil in tiie job shop by rotating tin* work in a 
latlu* or I h ill press and n’ciprocating the lap over the work in an ever- 
changing path. X l iiarged lap may be used wiili a light oil to keej) the 
lap from drying and to keej) the work cool, or a fine abrasive in an oil 
may be aiijilied periodically to the work or lap. Small flat surfaces 
may be lap[)ed by holding the work against a rotating disk, or the work 
may be moved l)y hand in an irregular path over a stationary facejilatc 
lap. 

When many jiarts are to be lajiped to true shape and close limits, 
sjieeial machines and devices are employed. Usually only a few ten- 
thousandths of an inch are removed so that lapping invariably follows 
finish grinding. 

In the crankshaft polishing machine, Fig. 44, a short reciprocating 
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inutian is imparted to the crankshaft durinp; the lappinp; operation to 
avoid lines in a diametral plane and to improve the finish. The first 
niaehines were equjjiped with cast-iron laps and used a lajipinK 
paste of fine abra.^ive in kerosene and lard oil. Later, bonded abra¬ 
sive sticks were user! with a lubricant. The latest niachine.^ have 
()|)eiiing forms which hold a tint* abra.sive paper or cloth, aiifl the 
lubricant is j)umped directly to each set of lai)s. (\vlinilrical work, 



Crmr/PH// iWorton Cv. 


Fn;. 44. A CIdsl* Vii;w of a Two-'l’hrow fTuiikshiin Mouiilril on ('I'lilrrs iif \hv. 
N ml (111 Typi' No. 30 . C T;iuk-( )-Lup Miirtiiiu-. 

Tlip liL|i|iiiiK iiriii.<j! fiti|i|iijrt thr iiliniHivi* strip. l.^siiiK I12(l-uril p.'ipiT, 4(1 (ill riMiifli-i'riiiiiiil slinrifS piir 
hiMir an* liiiislinl tu a Nurfaiiu inuiiit.v nf ■"» M iiiifruiiirhi's. r.iii.s. 


such as ^ajres, shalt.s, or luoduction parts, can be hi|)pe(l more ac¬ 
curately on macliines than by hand. It has been sliown that t^af^es 
la])|)ed mechanically wear longer than tliosi’ lapped by hand. Not 
more tlian (J.()(K)5-in. stock should be left for lajqiing, and surfaces of 
V 2-4 microinclies, r.m.s., are obtained. 

Another tyjie of lapping machine for circular or fiat work consists 
essentially of two opposed lapping .surfaces mainlained on vertical 
spindles, Fig. 45. Bonded abrasive circular wheels are u.'^ed as laps. 
Both are rotated, but in oppo.site directions, at si)eeds not to exceeil 
700 fpm. The upper wheel “floats’' while lapi)ing, but is clamped 
while being trued. Variable spring pres.sure is applied to the work 
through the upper lap. Various types of work holders are used. 
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Di^k hoIrlcT.s liuvr piTfnruMim.s nf a sliafic* In linld snlirl cylinrirical nr 
flat piiTi’s, whiln spidnr.s, as shown, an- uspfl to rany hollow rylindrinal 
parls. Thi'sp work liolrlprs, ilrivpri by Ihr lowrr mitral shaft, are 
erfpntrir with thr uppur aiirl Iriwrr laps, and rontrol thr path of the 
work so it rolls anil sliiles freely in an ever-ehan^ing path between 
the laps. 

The upper lap is elevated to show the spiiler type of work holder. 
Pins are mounted around the |)eriphery at a slii^ht an^le Iroiii the 
radial on which the liidlow rylinilrieal |)istnn jiins are carried. Pins 
are rounrh hii)i)ed by reinoviiij^ O.CKIS in. of metal on llu‘ diameter with 



Courlefni NnrUm Co. 


FiiJ. 4ri. TIir Nil. iriC IjJiiipiiiK MiiRhiiu; ArruiiKi^tl li>r liiippinK (\vliiuiiiBiil St im* 1 
Pit^lDii Pins ti» Ji ’^rnliTiiiUH* III O.tKHtl in. ninl a Mnisli ol IMirriiinclies. 

C'I50-N-r)L wheels, anti finish lappi‘d by removing: 0.0001 in. with 
(’400“N-;jL wheels. The prodiietion rate of each operation is 550 
pins per hr. In use a j?enerous sujiply ol' lajipins litiuid should be 
allowed to How on the work between the laps to wash away all loose 
particles and prevent seratehiiij!;, provide a »:ond linish, and keep the 
work at a iiniform temperature. A small amount of eommerrial soap 
flakes mixed in water serves this purpose. Kerosene also is used. 

The east-iron lajis are widely used. After being charged, they arc 
used without addiMl abrasive until cutting stojis. At times lard oil, 
olive oil, or kerosene is api>lied to the laps in small quantities to keep 
the lap faces moist. The lapping faces must be true planes. The 
metal laps are kejit true by allowing them to run against each other for 
a few moments each day. While doing so, the upper lap should be 
moved back and forth across the face of the lower lap. A small amount 
of fine abrasive mixed with oil should be spread on the lower lap when 
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truing. The faces nf the cast-iron laps are serrated. This makes it 
easier to remove the work after lapping and provides a storage spare 
for oil and abrasives. In this way. plug gages may he lapped to size, 
jilus or minus 0.00(K)2 in., but a roughing and finishing operation re¬ 
moving from 0.0003 to 0.0005 in. wovdil be rlesirable. Flat master gage 
blocks are made on machines of this type under very carefully con- 
IrolkMl conditions. 


SuPERFlXlSHlXG 

Superfinishing is a prnci‘ss of finishing parts by the ii.«e of bondeil 
abrasives oi)erating at low speeils, low-unit prt'ssures, variable mulli- 
nioLion, arul jiroper lubrication. By this i)roce.ss, sizi* within a few 
millionths of an inch may be obtained with a surface smoothness 
having variations less than 1 microinch. Abrasive wheels an ! sticks 
having aluminum o.xidt* grains, ranging from 100 to bOO, are ri'siimifl 
bonded to jiroduce relatively soft grades. The speeds for superfinishing 
range from 300 to 1,300 fimi and are higher than those of lapping and 
honing, but less than those of grinding. The motion lietween tiu* stone 
ami woi'k is varied in many direclitms so that no single abrasive grain 
retraces its path. The iiressure between the stone and work is very 
light, ranging from a few ounces, when the abrasive is brought into 
contact with the surface it) he finished, to 20-30 lb us the abrasive 
action proceeds ami the ar(‘a bid ween the stoiu' and work inci’eases. It 
is api)lied by spring or hydraulic pressure. 

Only 0.0003-0.0004 in. shouhl be removed by superfinishing, al¬ 
though up to 0.001 in. may be removed. Suj)erfinishitig .simply re¬ 
moves the metal tleformeil by the previous o])eralion so as to increase 
tiu* surface area from numerous small jieaks to a substantially flat 
surface; however, it does not correct error in shape. 

Sujjerfinishing machines are di‘velo|)ed which resianble the lapiiing 
machine. They are used for cylindrical, flat, aiirl curveil surfaces 
of a wide variety. Because of the short operating time, the rate of 
production is high and the cost low. A typical superfinishing opera¬ 
tion is illustrateil in Fig. 46. 

Scraping: Sliding metal surfaces of machines, such as the ways of 
lathes and planers, faces of cro.^srails, and ciduinns of planers and 
milling machines, usually are scra])ed after machining in order to 
provide a better wearing surface for the two mating parts. The 
scraper for flat surfaces, as shown in Fig. 47, is inaile by grinding the 
end of a large file nearly square and .smoothing the adjaeeiit faces. 
Keen cutting edges are formed with which high spots of the metal 
.surface are pushed off. In scrajiing curved surfaces, such as bearing.^, 
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a narrow side-cutting scraper is used which resembles a triangular file 
bent uj)ward at the end with the bottom surface ground slightly con¬ 
cave and the two sides smooth. Usually the high spots between two 
sliding surfaces are detected by first painting one, such as the shaft, 



Courluay Oiaholt Machine Co. 


Fio. 40. A Gisliolt Modrl 51A Gcm'ral-Purpnsn, (\ylindriciil SupHrfinishcr Set Up 
for a Routine Job on an Impeller Shaft. 

Till* HurfHCP riUEirOy will bn frniii 2 tu 3 iiiiRruinchPH, r.iii.H., rpmnviniE frnm 0.0001 in. to O.OOfM in. to 
briiiiE lli(‘ |)art tn t^izr. Tin* a|i|ilii;iitiuii of a tiiniele Htonp anil the ciittiiiR oil aopliud tu 8iiperHniHhiiig 
a pinion Hhiift are nlniwn in the iuHert. 

with Prussian blue and then sliding them together. Fig. 48, and 
scraping off the sjmts showing blue. This procedure is continued 
until the sjiots are very numerous, indicating that the surface in 
general consists of many smooth elevations and small shallow valleys 
which retain the oil. 
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Rolling: In the manufacture of some small cylinders of soft metal, 
cast iron, and hard steel, the final surface is prepared by a rolling op¬ 
eration. This may follow diamond boring nr finish reaming. The 
surface so prejiared in cast iron consists of fine particles of tiie inetai 
iinbedded in the wall. It has been found not satisfactory for a re- 



Cmirtvay DoAlt Co. CourlKoy DoAll Co. 

Fii;. 47. Firj. 48. 


Fi(i. 47. Tlin PiiKil IliintJ-ScnipinK i»f the Fl:il iinil ^^■ays on llii; Uiidursidc of 
till* T;d)li‘ o)' :i Surfjipr (iriiidi'r. 

Surh surfiLiu;H art hiiiiii-.srTii|H'ii tii within ln.s.s tliuii uni? len-thuiiHiLiiilth nf an iiii:h uf flalncMM and 
piirallrilKsin. 

Fiii. 48. The Two V Ways on thr* Bottom Side of the Saddlir of a Surface Grinder 
Are Being Checked against a Master Way to Ensure Their Fithng Pi'rferlly with 
the Male Ways on the Top of the Machine Base, on W'hich They Uest. 

ciprocating motion, unless suitable material is used and proper appli¬ 
cation of the process is made, as crushed particles V)ecome loose when 
subjected to wear. For example, a cast-iron compressor cylinder of 
1 Vf-in.-iiiam. bore and 3^/^ in. long is first diamonrl or tung.'^ten carbide 
bored to 0.0006 in. from size, after which it is rolled and burnished to 
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within 0.0002 in. of «izc, round, and straight. A rolling tool is used 
like a reamer. It eoiisists of a number of small cylindrical i)ins rolling 
in the cylinder under alternating pressure produced by numerous 
longitudinal cams in the body of the tool sui)porting the rollers. As 
the tool rotate.s, the roller.s are inij)inged thousands of times per minute 
against the cylinder wall. 

Tumbling and Barrel Finishing 

Tumbling in rotating drums has long been a process of cleaning 
and finishing components. Rough castings and forgings are often 
tumbled in large barrels with other smaller castings or heavy shot in 
order to remove flash, scale, sand, and surface dirt, before niacliining 
operations or other use. 

Tumbling barrels are usually made of metal with renewable wood 
liners. Newer types have rubber or plastic linings. The barrels are 
of the tilting and horizontal tyi)es. The horizontal tyj)es run closer!, 
rotating about the longitudinal axis. The tilting types may run with 
the end either open or closed. The angle of tilt may be aiijusti*fl for 
each job. Barrels rotate at speetls of 10-50 rpm, the smaller-diameter 
barrels having the higher speerls. 

A relatively new technirpie known by some as Roto-I'inishing has 
been develoi)eil in which finished parts from screw machiin's, stamp¬ 
ings, small sand castings, etc., are tuml)lerl in wet mixturi'S of lime- 
.stone, granite chips, metal balls, or abrasive compounds to |)ro(luct‘ 
high surfiice rpnility and remove burrs ami other surface imi)erfections. 
The deburring of parts in granite chips replaces in many instances 
those o|)erations formerly done with polishing and buffing wheels, 
files, scrapers, and flexible-shaft tools. This method is much more 
time saving, as many parts can be tumbled at one time with little 
supervision. Roto-Finishing, as ileveloi)ed by the Sturgis Products 
Co., consists of four basic finishing o|)erations, such as: 

(rr) (iiiiiiliiig I'nr ilehuninv: wilii gmnili* rhip.'s ur griiiiling anil i‘Oiii]Mmnils. 

(f)) Pnli.^liiiig will) liiiir'.slniie or bright honing r-hips ;inil (-uinpounds. 

(f) Honing as uiiilcr (fi) with a spi'rial honing ronipuunil. 

UD AVel ruloring. using various Hize.s of .slei'l balls or other roloring media 
al'tei' any of the ])i'ei'eding operations. 

Griiidiiig, polishing, ami honing as used in Ruto-Fiiiishing are not 
the same processes ordinarily thought of under tliese heailiugs. The 
Norton Co. has developed an aluminum oxide tumbling abrasive 
usable on all metals and some noninetals, such as plastics. In 
tumhling parts in this abrasive, a conlinuuus cutting jictioii with 
glazing is iiroduccd. Tliis material is available in size.s from standard 
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Nn. 12 fine iiiesli to inilivirlual partiiles 114-2 in. in li'ni;;tli. Tlir 
piirtirlrs may hv in the rou^h-nnliinibleri nr smontii-tunihleil 

i*nnflition. The nntiinihlnl inati‘ri:il with sliarj) enrners iind edi^es 
cuts fastei- l)ut leaves a rrin^hei* finis]). (Jranile clii])s are available 
ill sizes ranging t'roni !•% in. in the loiifrest (iimeiisiou dnwn to in., 

althnii»h most work is done in sizes fioiii “s in. down to in. 

The size is deterniiiierl so that chips will not lodjj;e in holes, recesses, 
or slots of the parts bein^ jirocesserl. I.arpie cliips cut faster by 
proilucinj!; a rougher .surface. Sometimes a cninbination of large ami 
small chips is advantageous in deburring small slols and recesses, 
such as I hose eni'nmitt'reil in steel stampings. 

In general, it is |)ossible to reduce a fiO^O microinidi surface to 
30-25 niieroinches by the use of granite chips anil liner linishc's down 
to 5 micniinches witli limestone chips. The componmls an* spiadally 
prepareil soa]) bases with varying alkalinity to proiluce thi' necessary 
lubrication of both chips and work, to provide the necessary ahiaisive 
action, and to give the ilesired finish. They also prevent the chips 
from becoming glazed. 

'Pile process of Holo-Finishing is io mix the work, abrasive, ami 
eoiniamnd in the rotating drum. The size of ilrum depenils upon the 
voluim* of work to be tumbleil. The abrasive is loaded into the 
barrel and thoroughly waslual to remove sludge and extraneous mate¬ 
rial. The pai’ts are loadeil on toj) and leveled off, and water or 
i‘ompoimd is added to co\'er the entire mass 2 in. dei*p. 'idle barrel 
should lie from '/■> to -a full, ami two to four times as much abrasive 
as work shoulil be used. The door is clamped and the drum rotated 
from 20 to 24 rj)m for 1-12 hr, as needed. The chips are then 
sejiarated from the parts by emptying part of tlii‘ load at a time 
onto a proper-sized screen which will either letain the parts and |)as.s 
the cliiijs or vice versa. In mass |)rodui*linn the loail is taken to ii 
central separation unit, usually on conveyors, where the parts and 
chips are separated either mechanically oj- imignelically, as shown in 
Fig. 49. The jiarts are then rinsed in cohl water and immediately 
are made noiicorrosive. 

If the grinding is followed by barrel honing, the work and abrasive 
are washed in tlie barrel, and the eompouml is changeil to a wet 
honing com|)ound and the rotation continueil for another 2-3 hr. 
This jirodiices a scinilustrous finish on jiarts of zinc alloys, copper 
and aluminum alloys, and iron or steel. This finish honing will de¬ 
velop a finish in micrninches, r.m.s., as low as 1.5 and adapt parts 
for bright nickel plating, anodizing, or painting. 

Wet coloring, the last of the Roto-Finishiiig operations, follows 
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(‘itliiT griiirling, polishing, or honing, but steel balls or other highly 
polished media arc used with the work load. The larger balls are 
used with the harder parts and special compounds for developing a 
high luster. 

The average time for processing gray-iron saiifl castings is 1-2 hr; 
aluminum die castings, 2-3 hr; steel stam[)ings, VA-3 hr ; brass stajup- 
ings and brass screw machine prorlucts, J lir. This ni)eration 



Courtvnu Ericz Manufavluring Co. 


Fill. ^l). All Auliiiiiiilir Si'jKirjitnr nf 1 ’imtiuis Mi'tiil Finis Irnin Tumbling Sii)iii*s 
iiriiM’ Debuning ur J^olisliing. 

Till' inlxtiiri* IN I'lirrir'il In (.In* imUi'v on tin' lu'It. Tin* inilUry nml tiiiis pi'rintiiii'iil iiiiiciiL'ts wliirli 
I'.iuiNi* till' iiii'tiil pui'tN lij lu* nirrii'il iiiii|('i'in‘ii1li. whrrr tlii'y an* si'|i:iriiti‘il rruiii tin* iiijt|£iii‘t.s. \vlii‘n llii* 
boll li'iivi'N Mu* iiiilli'.v. Tin* sliini'N unil noiiniiiKiii'tir lUHtoriiil full friM^ly iivi'r tin* r'liil into ii Ni'paratR 
tniy. 


deburrs anil rounds the .sharp edges of the parts and produces a surface 
finish ready for plating if desired. Small jiarts, such as small ilic 
castings and small stampings, may be handled on a volume basis by 
having one ojierator iiandling 4-8 machines producing 2,400 jiieces 
per hr. 

The barrel finishing of a brass permanent-mold clothes honk, as 
reinirted by the Alinnesota Mining and Manufacturing Co., is as fol¬ 
lows: A barrel having two compartments each 32 in. in diam. and 
20 in. wiile carries a work load of 2,000 hooks, nr a total load of 4,000 
pieces. Natural flint stone 2 in. by IVi in. of 500-grit particles, with 
a liquid known as Honite compound No. 1, is used as the tumbling 
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medium. Eight hundred pound.* of stone are added to the load, 200 Ih 
of wliich are used up in the operation. The total eost per pieee 
amounts to ^4i) t)f a cent for the 2-hr job. The eost of polishing on 
set-u]i wheels wa.s IVi cents each piece. 

QUESTIONS 

1. Exjihiin lirii'fiy wlmt is ini'uni by i)f I hi' fullowinp iprins: griniiinn;, 

]M)]ishing. Initling. linning. -.iiiil 

Z. Whsil MVP iHPMiit by iiiiluvnl MbiMsi\ ps? Nanip siuiip nf iln* iialuval aiiva- 

.H^•ps. 

3. >A’lial avp iiit*anl by inaiiufapliinMi nv aiiilirial abrasivps. aii.l in wlial w:iy 
ai t* (lipy siiiifi ini- (i) I In* naliival aliiasivps? 

4. W'hal is nifaiil by I lip fnlltiwing (pinis as aiM'Iif'il In a griiiibiig wIippI ; 
ail^asi^ i', bnml. grain, gratlp. sinii'liin*? 

5. \^’llal aip srmip iif liip bnntliiig prni-pssps i nininniily iisftl in inaking up 
grifiiliiig Avlipf’ls? Kxplaiii lu it'fly I In* piirpiisi* nf pai‘!i lypi' nf lunni. 

6. Imlii'Mli' n)in|ilp| p|>' I Up s|iprifipai inns nf a griinling wUppI (ii bp list'd fm 
grjiiiling singlp-pi)iin I tails nf Uai ilpiii*il liigli spppil slpi‘1. 

7. NaiiiP snnip nf llip lypps nf piilisliing wIippIs piinimnnl^' iispil, 

B. XaiiiP sniiii' nf llip kiiitls uf liiilfiiiA:: wUppIs in gpiipial iisp. 

9. h]\|i];iin what is nii'anl in siirfacp linishing iiy pnlisliing. ili‘> fining, gvpasing, 
Pin ling (Inwn, and pulniing. 

10. K\|ilain llii' ililff'vpnpp bplwppii dn*ssing ami iruing ;i grimling wIippI. 

11. Explain llip puriinsr* nf a pulling finirl as ajiplipil In griniling. 

12. \^'lial arp snini' nf llip biilfing cnmpnsilinns gpiipiiilly nspil? As far as 
linssibli* inilii'atp llipir purpnsp. 

13. Classify ami imlipalp lln* purpnsp nf parli lypp nf priM*isinn griniling. 

14. W'lial arp lln* rtdalivp ailvanlagps nf (iiiishing p\'limli'r bnrps fnr intPinal- 
piiinbusiinii piiginps by bnring. iuliMTial griniling. ami Imiiing? 

15. Why aip innrp lliaii Iwn mnliniis IipIwpi'u iIip sinni* ami wnrk ilpsirabli* in 
li oiling? 

16. ^^'llpn is a praiiksliafl lapping inai hiiip a pr;inksliafl pnlisliing niai-hinp? 

17. W'lial is niPaiil by barrc'l lini.shiiig? 

IB. Hnw is llip ralp nf niPial ri iiinval piinlrnllpil in barrr i fiiiisUing? 

19. Wlial abrasivp prni pssps an* uspiI In nblain ;i surfai’P i|ualily nf 2-4 inipin- 
ini'lips. r.in.s,? 

20. What is llip.gpm*ral ri’lalinnsliip bi-lwpi'ii a surfaif linisli ami lln* Inliaaiji'p 
on llip ilinipnsinii nf I Up surfapp? 
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CHAPTER XVI 


PRESSES, PUNCHES AND DIES, AND FORMED PARTS 

PRESSES 

A metal-forming machine tool is a powLT-drivrn niarliino, ni)t 
piirtable by liaml, usimI tu jh'lss, Inr^f, umbuss. lr.niinu*r, stamp, draw, 
blank, or shear metal. !Mosi of tlu‘se maehines. wliirli are of a wide 
variety of tyjies anil sizes, work metal hot or eold. 'They i‘i)m])rise 
presses for eold workin»: sheid metals, and extrusion presses, foreinj^ 
presses, for|[i;inji jnesses, shears, anil hajnmers. 

Thi‘ jU'ess may be ilefineil as a maehine tool in whieb a bed oi' anvil, 
on which is mounted the lower ])art of a die. is ajiproaelual by a ram 
rai’jyinj;' the u|)i)er die. The ram bas a reeij)roealinfi: motion in a 
line ai)proximately at ri^bt au^^les to the bed. and is guided in tbe 
framework of tlu‘ maehine so that it may always move in the same 
path. 

'fhe jires.s has jiaiiual a iirominent |)laee amon^’ maehine tools for 
ebea]) and fast produi'tion of flat and formed |)arts in larf*:e cpian- 
tities. By tin* ailoption and use id' suitable dies ami fixtures, this 
lool is produein;>:, at greatly reduced costs, hi^h-^rade and complicated 
parts from sheet melal, which were once produced from castings, 
fi)r”;in^s, or bar stock reiiuirint;- subseiiuenl inachinin^ operations. 

Cl-ASSIKKWTION 

Presses are used for a ^reat variety of pui poses. In order to handle 
(be wide ran^je of work now beint:: done, many dilVerenl types are 
reriiiirerl. Because of the variety of desipi. the wide ran^ie of appli¬ 
cation, and the overhii)j)iM^ of fundamental diflerences. a definite 
classification is difficult to make. Presses are desi^rnated as follows: 

1. Soiiirr of power; niiiiiiial, pravily or iliop, anil [jower. 

2. Xiiiiiber of rams or sliiles; single, ilmitile. or iripli* arlion. 

3. Const riiirt ion foi' a|)|)lyiri^ power to the rain: gears; sncw; single or iniil- 
liple ^■l■allk: fani; toggle; kniifkle joint; anil |ineiimatic. steam, or hyilraiilic 
prf's.sure. 

4. Position of the ram: vertieal. Jiorizontal, or inelinable. 

5. The usn of the press: slraightening, broaching, hot anil colrl forging, extru¬ 
sion, sprue cutting, trimming, swaging, ujiselling, blanking, shaving, ]ninching, 
piercing, bending, drawing, embo.s.sing, coining and sizing metals, for molding 
pla.stics, and for general as.sembly work. 
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6. DL\siKii feiituiR.s uf ihi* fianie: bt;iirh or floor type, inrliniibhi, open back, 
.striiiKlil .siilr-, arirh, gap, ailjuslablL' bed, liorning, wiring, shearing, Lriniming, sprue 
rutting, and gang. 

The) fraiiic.s of pre.ssos nifty consist of one or more eastings of gray 
irtin or steel, or fretpiently, for the lit*avy-iluty [tresses, the frame is 
lield together Vty steel tit* rorls encased anti slirunk in the columns. 
With tlie develoimient of welding, frames are snmetimes eonstrueted 
Viy welfling plates and structural shapes. 

Most [tresses are actually a combination of the sevei'al classifica¬ 
tions just referrerl to. There are, for instance, the single-crank, o[u*n- 
back, gap-ty[ie, rlirect-belt-driven, inclinable press sluiwii in Fig. 4; 
the double-crank, single-geared, oiien-back, straight-sided [iress in 
Fig. 5; the knuckle-joint, emhtissing jiress. Fig. 7; and the toggle; 
double-crank, douiile-atdion, twin-gi‘ared, drawing press, Idg. 6. 

Manitac a\o Powi:u AIeoii.xnh’ally Opehatko Puksses 

A manually operated press of tin* levi'r type td' 3-tnn capacity is 
shown attai'hed lo (he h*ft erdunm in Fig. 1. It has a i-ack-ty[)e ram 
ilriven thiough reduction geiirs with the leverage of 112 to 1. Thesi* 
jiressi's are idti'ii used lo force mandrc'ls into the boi-i* of work so it 
can be ioouiiUmI bidwi'en the centers for maidiining. Foot-iieilal 
])resses of this type are often used for light assianbling or straightening 
work. A niMiiual-hydraulic jiress made in caiiacities of 25-120 tons 
is shown doing ty|)ical work in J'^ig. 1. 

'flic mechanical power press may be ilriven by a belt from a motor 
or line shaft or by a self-containeil electric motor. A heavy, raindly 
rotating flywheel is usually [irovided so that one working stroke of 
the press may be iierformed with a reiluction in angular velocity of 
the wheel Uji to 10 [)er cent for continuous operation or iiiori* for 
intermittent. The ram may be driven diri*ctly from the crankshaft 
on wtiich the flywheel is mounted, as shown in Fig. 4, or the flywheel 
may lie mounted on a backshaft, driving the crankshaft through 
gears. Fig. 5, when considerable iiower is rer|uired. Geared [iresses 
are referred to as being single-, double-, or tri[)le-geared, depending 
on the number of gear reductions. The crank is sometimes re[)hiced 
or augmenteii by cams or levers for driving the slide of single-action 
presses. In multiple-action pre.sses, one slide is driven by crank and 
the other l»y toggles or cams. 

Number of Rams or Slides 

A single-action press, Fig. 4, has but one moving plunger or ram. 
This is the simplest type of [iress and most cnmmoiily used for blank¬ 
ing, trimming, punching, and simple drawing work. 
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The double-action presses have hvo independently operated .slides 
or rams, as described below under Cam and Toggle Presses. They are 
used for combined oj)erations, such as blanking and rlrawing parts 
from flat sheet metal, or for perforating and knockout. The outer 
slide, receiving its motion from the cam or toggle, operates I lie blank- 



Courie»y Dake Enyine Co. Courteny Lucas ^fa4■hine. Tool Co. 

Yin. 1. Fie.. 2. 

Fir;. 1. Thn Dakr Miinunl-llyilraulic Press \i>. 5011 dI 50-'ri»n (\-ip:irily. 

This is built up of HLruntunil Kii-nl parts with tlu; IhnI .'irljustably luiiuiilinl on thr; upriKlits. A 
luMrinu ran* is bpinu furiMMl /nun tin* shiift. A sinull nasl-iraini* iniinuiil prijss is altai;lipil tn tin* li-ft 
npriaUt fur small linlit julis. ('imtprs aiul Vi*ch with a rlial lust iiiclicatiir an* pruviiJeil uii tlia front bur 
fiT chpckinc thi* str.‘iiKhiiies.s uf sliafts buiiiK stiuiKlitniiPiJ in tin* prtiss. 

Fiii. 2. Till! aO-Tnii (Ie:iriMl J*f>wiT Ffnririj; Pre.ss willi Self-t’(iiiiiiinrd 

Miilur Drive, V Plate, ami Ifi-iii. \’ Hliick. 

ing die or the blank holder of the double-acting drawing die, while 

the inner slide, carrying the ram nr plunger, is ojierated by the crank 

and draws the iiart to shape. See Fig. 29. 

The triple-action presses have three moving slides. They arc used 
in making two drawing operations on a part with one stroke of the 
press. This saves time and handling and makes unnecessary any 
annealing operation between ilraws, as the heat generated by the 
tirst draw is still in the part when the second draw is made. 

The tooling-up cost of such a job is high but is worth wdiile in many 

cases. 
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/Construction for Ap plying Power to RamJ 

The motor-driven geared forcing press, Fig. 2, is made in 15-, 30-, 
and 50-ton capacities. It is used for a large variety of operations, 
such as forcing mandrels, bushings, sliafts, or pins in or out of holes, 

bending or straightening, broaching, 
and burnisliiiig. The working ele¬ 
ments consist of a rack ram driven 
by gearing through a multiple^dhik 
friction clutcll which takes i)ower 
from the continuously driven worm 
on the pulley shaft. The handwheel 
is used to raise or lower the ram 
cjuickly, and it automatically engages 
the clutch anil a])i)lies the power when 
the ram meets the resistance of the 
work. The amount of pressure is 
jiioportionate to the force exerted. 
When the handwheel is released or 
when the resistance on the ram ceases, 
the action of the j)ress ceases, making 
it accident jiroof. 

The percussion press, Fig. 3, will 
do work equivalent to tliat of a 200-lb 
drop hammer. Tt is used by jewelry 
manufacturers for striking up medals, 
signet rings, etc. Larger presses of 
this type are used effectively in strik¬ 
ing medals and emblems, hot pressing brass and other nonferrous 
metals, as well as for cold luessing small steel jiarts, such as cutlery 
and surgical instruments. They may he used on upper floors as noise 
or vibrations ace not excessive. 

Cranks are most often used to actuate the ram of single-action 
jiresses. Single cranks are used on ])resses of small width nr high 
speeds, as shown in Fig. 4, both of light or heavy duty. Two or more 
cranks, Fig. 5. are employed when the distance between the housings 
exceeds about 3 ft. The wider presses are usually twin geared on 
the crankshaft. The double crank (nr ecce ntric) is used on large 
shears. Fig. 8, and on wide presses using bending, or furmi.ig dies, or 
gangs of punches for the maiiufacture of light sheet-metal products. 

Cam-operated presses usually have u single crank with cams on 
either side. They are of tlie double-action type. Tlie crank operates 
tlie central ram and the cams operate the outer slide. 



Courltay Zth and Hahnemann Co, 

I’lii. 3. The Nil. 7 I’cmisHirm 
Scri'w Piiwrr Press Whicli lOxorts 
u Pressure of 50 Tims IhriiUKii 
liierliji III' Serew Pulley. 
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Toggle presses, Fig. 6, iiri' nf Mir dnuble-at'tion typo and aro pro- 
forriMi tu those of the ram typo for largo, lioavy. anrl drop drawing 
work. Tliey arc built in .size.- wcMgiiing from 35.000 to 1,000,000 lb 
and aro rapablc of oxorting prossuro up In 2,000 tons. Tho i)luugcr is 
driven through an adjustablc-longth pitman by single or double cranks 
on the main shaft, while the outer slide or blank holder is actuated by 



Courleay K it 0 Preas Co, 


Kill. 4. Thu Nn. 3 Pliiiii OpKii-Hiick, Gap-Fniim*. Iiipiiiuihlr Prrss fur Hcltud Drive 
to Elyw'h4*i*l with Piu-ssun* Cjipapily f)f 30 'J'rjius. 

This pritHS i.s P(itii|.i|iKrl with uiitoinBiti(‘ diftl fpp-d ilrivi;ii from thi* i'.r;f:i*iitrir on tlip Ipfl mil of tho 
rrHiikKlmft, with iiitiTi hanKRiible diiil mid two I'xtm si-ts of iiit«*ri-hiiHKirHlilf dii-s for ihi- iiiuniifartiire 
of ilifTerent hita'h of miii cuvrrM. A luwitivi* Hul^imutif Httfpty »ttHr hmmt hi Lhi- iriHiirnM m rurtite 

indirxiiiic. A foot ijriIhI is proviiliil fur mKiminK tin* rlutrli. I hf HpiMJil of iipeniLioii is from ;j0 to 75 
strukus piir min uucurdiiiK to the .size and shape of tin* linisInMl eovi'r. 


two rocker shafts connectcfl by links to cranks or earns on the end of 
tlie main shaft. These presses are used in making sheet-metal parts, 
such as automobile fenders, tops, and bodies, chassis frames, steel 
barrels, and metal caskets involving blanking, drawing, and deep- 
forming operations. 

Knuckle-joint presses. Fig. 7, are built in a number of sizes weigh¬ 
ing from 3,000 to 400,000 lb to give pressures of 30-3,000 tons. They 
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are used fnr heavy embossinK and swaging un sucli work as coins, 
watch cases, heavy hardware specialties, cold forging, and surface 
finishing, which require a slow powerful pressure during a small 
portion of a short stroke. Small jiresses of this lyjie are built with 
solid one-piece frames; the larger, as shown, has a built-up frame held 



Courtesy Clpvrland I^um h and Shear ll'ijrfrw Co. 


Fiii. 5. A Dnulili'-Criiiik, Siraijshl-Siiic, Opi'ii-Hiiek, |*ri\s.s. 

Till' fiMil Iri’ULlli' iipL'rHti'M till' NiiilinK-liliiKk I'liilrii, ami a hi‘xii|riimil bur ilrivi's tin* |iiiiii.m.s fur itiljiisl- 
iiiK till' li^rmlli Ilf Mir^ iiitiuuii ariiiM tii Irii-iili' llii' pnsiliiiii iif Un' sliilu. Tlii' .sliili' Ls siippnrb'il by hi'lii-al 
HpriiiuH. 


together by four steel tie rods encased and shrunk in place in the 
eolunms to take the tensile stresses. The knuckle joint is actuated 
from a crank. 

Hydraulic presses have the ram actuated by means of hydraulic 
pressure applied to the ram or plunger. These presses arc usually 
for high-force cajiacity work with the pressure furnished from pumps, 
accumulators, or intensifiers. Extrusion presses are usually hori¬ 
zontal, whereas forging presses are generally built vertically. 
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The Use of Presses 

Fressjes are classified variously 
in accortlance with the nature of 
the work they are designed to do, 
as follows: 

A punch press is used exteii- 
>ively as a general utility jtress for 
work such as drop forging, cold 
Iriniining, cutting siirues or gates 
lioni soft castings, anil blanking, 

]ierfoi*ating, bending, and forming 
shei't luetal or Hat bars. The slide 
is driven from an eccentric on the 
cml of (he overhung shaft so there 
ran be no bending between the 
nankpin or eccentric and the 
main bearing. The throats of 
(hese presses vary in depth. 

Some, cfilleil ga|) iiresses, have 
deeji thi'oats to accommodate large 
sheets. 

A drawing press is a press in 
which drawing dies are useil. It 
is usually of the double-action 
type so that one sleeve will hohl 
I he outer edge of the blank in 
compression while the second sleeve 
perrorms (he drawing opeiation by 
I’orcing (he plate through an o\}VU 
ilie. These double-acting presses 
usually are of the crank ami cam 
type, or ot the crank and toggle 
combination. Single-acting pre.sses 
often are er|ui])ped with a spring- 
plunger or hydraulic-cushion at¬ 
tachment below the bed to sujiport 
the holding ring of the die on .‘^‘prings while the drawing is done by 
the cranks. The holding-ring pressure is adjusted so as to prevent 
wrinkling of the work. 

Trimming presses are of the straight-culiiinii or overhanging-fraine 
type with an aililitiunal crank or eccentric on one end of tlie crankshaft, 
as on the right end of shaft, Fig. 22. The overhung crank may tiiierate 



CuurIf.HU K. M'. liliHH Co. 


Fiii. 0. A DiiiiVile-C-rjiiik Dituhle- 

.\clii)ii MV)K^rlr Drawing l*ri‘Ss r.snl fur 
Lai'Kf Ki*r|uiri»iK Diuibli* .\ctioii 

ill Ihi' Drawing, FonuinK, ami Derp 
SlainpinK '•! Irri'giilarly Shapcil,\rlif'li*s 
Ilf l/.irni* Area. 

l'rijili*-:irrniii iipcruliiiii.'' r-riii lif liy 

till* uililiiiiiii Ilf II .syrii-lii'iiiiiziMl lliinl iiiii 1 .ii)ii in 
till" Ik'iI. Tilt* fiiitiT nIIiIi- i.- (lrivi‘11 Iiy ttn* tiijj- 
(rlcs Fruiii tin* i-rjiiik mi tlii> tli'* '-nd uf 

till' cniiikMliiin til linlil iliiwn tin; wnrk whik* tin; 
riiii, ilrivi;n liy tin* ilniitili* rriink fniiii Iki; 
rraiik.slmrt, rlui'H tin* ilruwiiii:. 
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sprue cutters or a punch while the dies for trimming the flash art 
operated by the crank. These presses, built in a wide range of sizes, 
are especially adapted for trimming drop forgings either hot or cold. 
The trimming dies may be replaced by |)unching, blanking, stamping, 
or bending dies as needed. 



Courimy E. ir. BIwh Co. 

I'lii. 7. Till' H1is.s KiuipkU* Juiiit Eiubinssin^ mill ('iiiriinK Privss. 

TIiih in II Iiiiivi'rriil |iri‘HN fur uiiiliuNNiiiK. I'uiiiiiiK. NizinK, HwaiciiiK, and vury liuiivy NtiiiiipinR work. 
Till* nIuw |)iiwi>irliil iireNNurr is uiipliiMl diirintc only iliL* IunI inirtiim uf tin? strnki?. Thi' insert hIiii\\-k how 
the null IN ilrivi'ii Ihrou^li tlir l•nKlcle hy thr rniiik. 

A sprue-cutting press is of the gap type similar in shape to the 
punching ju’ess. It is usually ecpiipped with two opposed cutting edges 
for removing gates and risers from castings, or sprues from forgings 
before the trimming operation. 

Shears are a form of double-eraiik open-back press of large width 
designed for the juirpose of trimming or cutting large sheets. They 
are built in various sizes with widths and capacities as required. 
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SiiialliT i^resses for light gago work may In* arranged for foot-pedal 
tir hand-lever operation. The sheets being sheared are held by a 
lioldriown Avhieh is spring eiishioned to alliiw for different thieknesses 
of j)lates. The holddown slide is operated by eMiii.s on the erankshaft. 
LTanks operate the shear slide. 

These shears resemble press brakes. Fig. 8. The hitter has lorm- 
iiig or ])unchiiig dies instead of long shear blades. Shears and brakes 



Courtety Drieii and Krump Manufacturing Co. 


Fiu. 8. A H(Mvy-Ouly Pnws Hniko. .Series I), Duuble Ihiek-t;eared and IDmihle- 

Driveii. 

It is pruvideil with dies tn finisli-funii u rcctiineiilur tuhp. Thi; upper sliile is drivpn by two orcpntrirH. 
It is of atofd weliJoit cunstnirtiuii und operatud by two men. A wiilt; viirioty of fortiiiiiic iJiuH anil imilLi- 
plp pimnhiiiK attachments makes this iirake arlaptial to form siiccts, .struiiEhlcii plahis, punch multiple 
holes, etc. 


are used for forming long sheets as requirerl in aircraft and furniture 
inanufaeture. 

Shears for rotary slitting and circle cutting. Fig. 9A, may cut 
straight or curved strips to any width by means of the rotating cir¬ 
cular cutters. By clamping the renter of tlie sheets in the circle- 
cutting attachment, consisting of two flat freely rotating centers, 
circular disks are rut as the plate is rotated between the eutters. 

A shear set up for flanging is shown in Fig. 9B. Such flanged disks 
are used in the manufacture of tanks, drums, furnaces, etc. The shear 
cutters and flange rollers are interchangeable in this machine. 

Curving or band rolling machines, Fig. 10, are built in a wide 
variety of sizes and consist of three rollers mounted horizontally or 
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vurtically for rolling straight bars or strips previously cut to proper 
length into hoops or cylindrical shapes. 

An embossing or coining press is usually of a powerful short-stroke 
knuckle-joint, or a heavy-duty-crank type. Embossing consists of 
forming thin sheets between dies to protluee such work as letters and 
figures on jar and can tups. Coining consists essentially in restriking 



Courteay Xiayara Machine and Tool Co. 


Fin. 9A. The NiiiRarn No. 17 Hing and Ci rdi* Sl uvir, Whicli C^m Cut InUTiiiil as 
Well as Exti'rnal Cii ch's. 

ThiB will nO. rli»k.s froiii 10 In GO in. fnim n 8r|iiarp lilniik rlninpiMi at its rmter brtwppn frpcly minting 
flat I'pnlrrs iif Ihi' tnilstnrk. wliiph ir« nlniiipi>d tn tlip lunl fur tlii‘ riuliiiB ilesirpil. Thr; Pilgn nf thi‘ filnte 
ruBtn ijii till* luiWBr-ilrivpn liiwer cutter. \ 2-h|j rmlur is retiuired fur sheets of mild .Hteel. 


a slug nr forging in a powerful rigid machine to give a permanent cold 
set U) the i)art to finish it to size or shaite. Letters or figures may 
be formed on the surface. In surface finishing, parts are compressed 
and sized between dies. Dimensional accuracy as close as 0.0005 in. 
may be obtained on small parts, but 0.002 in. is more common. 

A combination horning and wiring press is shown in Fig. 11. A 
horning press is equipped with a horn fitted into the column on which 
punching, riveting, or bumping side seams on pails, tubes, and other 
cylindrical articles may be performed. 
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A wiring press usually carrios wiring die;; anil often is provided with 
a vertically adjustable bed. A horizontally sliding table is soine- 
tiines provided which may be manually nr mechanically operated to 
slide the die from under the ram for removing and reloading the work 
without interference by the ram. Presses of this type are for rolling 
or curling the edges of j)ails, coffeepots, cuj)s, etc. 



Fifs. \)Ji. T\w Nijigiini No. 407 Cirrlc Sliciir .'Oiil I'luiiKn SiM I p Im I'MimninK a 

1’ii‘viiiusly (’ut Disk. 

'riiis will rijll 11 in^rppiidii’nliir Huiiki; 2*4 in. hi(ili iil Ii7 fpiii nf rulls with >i T'j-lip niiilin. I lir fmIjer 
Ilf ihr pliilr ri'sts iiii tin* far(* nf Oif vitI il■!llly iiKiiiiitiMl ptiwi'r-ilri\'i'ii rull Oii' divsiriMl ii\ i‘rliiiiiK 

fiir fliiiiKinK I'Y Oir' Hiliiishibli* horiz nut ally mimiirnl powiT-driv«!ii roll. l';r,iii|i|n-f| wiOi fiittr-rs, On- 
inanliint' fiiiirtiiiiiN as a ['ircli* .shrur. 

In the four-post dicing machine. Fig. 12, the flywheel, crankshaft, 
and connecting rod, below the punch holder, lurnish a jiulling stroke 
to the punch instead of the usual pusliiiig stroke. Standard strokes 
of 11/2 in. are obtainable at a maxiimun rate of 250 per min. Macliines 
of this type are used fur the rai)id proiliiction of parts of light sheet 
metal using progressive or multiple dies, Pig. 13. 

Gang presses are specially designed for operating long narrow dies 
requiring considerable power, sueh as tho.se iiscrl for gang-punrhing 
rivet holes in sheets for boiliTS and tanks. I hey are usually of the 
gap-frame and double-crank type. Cam-actuated strii)pers are gen¬ 
erally provided so that short durable punches may be employed. The 
punches arc usually j)laccd in different vertical planes so as to art 
progressively, that is, one punch i.s starting while another is finishing. 
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riu:.ssi:s, i>u\ches and dies, formed farts 


Tliis fiLstributes tlic; load over a greater proportion of the stroke and 
reduces the maximum rutting force. 

An 8-plunger jiillar press, known as an eyelet machine, is shown in 
Fig. 14. The plungers are ram artuatefl on flu* lighter inacliinos, as 
shown, but operated l)y crank on the macliines for lieavier stami)ing, 
dtefier drawing, and larger blanking wc»rk. The lieavier macliines are 
used for making lamp and gas fixture jiarts. soap and powder boxes 
and covers, incandescent laiiij) sockets, nihain bodies, etc. A typical 
job on this machine consists of making an oilcan body in nine steps as 



Courtritii Siayara Mnrhinf rinrf Tnul Cn. 


Fill. 10. \ No. 3 Knriiiiiig :iiid C'lirviuK Marhiiu* fDr Unavy-Duty Wnrk. 

Tw» 2Va- X !'' 4 -in. miKlr irons iirr liciiiK r*iirvi\l into i!ii-i'li*.s fniiii struiKlil Imrs prrviimsly r.iit to IpiiKtli. 
Till! puHitiim uf thi’ rnnr roll ili;ii‘nniiii*s llio riiiK iliuiiii'ti'r. Tho ilriviiiK roll is si‘rriiti!il to i^tTi'rt m 
| iiiHitivi‘ rul'd. 


shown on the left. Knockouts for each stage are njierated by cams 
on II shaft below the dies. C^oiled stock is fed to the dies from the 
roll shown in the foreground. 

These nmchines often are hooked up to a thread-rolling machine 
so that the drawing as fini.'ihed on the eyelet machine is transferred 
automatically to the thread-rolling machine placed at the rear. 

The nibbling machine, Fig. 15, is designed to cut sheet stock to 
required outlines or to a superimpo^d tcmiilet, as shown in Fig. 16. 
when the quantity of a part reqwed is liot suftieient to justify the 
making of jiress blanking tools. These machines are used particularly 
in small production plants where sheet metal is worked, as in the 
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aircraft industry. This process is fast and gives a better finish than 
The method of drilling overlapping lioles about the scribed lines of the 
work. 

The overhanging arm carries a ra})idly reciprocating punch which 
works above a die supi)orted by the bed jilate. The feed is governed 



CntirtrHU Xiauurn Mfuhinr ami Tunl Wurkn. 


I’li:. 11. .\ liurniiim siiid W'iriiijs Prrss of the Ailjiisliilile 'I’jihli* '^I'ypi;. 

Thi' NiiiUiira Nu. 14 iuiwit |iix‘S.s witli ilii|)li‘X slitli* in |)lai:r, witli .HwiiiKiiiK 

l.'ihli- ami ilii'H nwiiiik tii the left. 

ur eiirline the imIkl* uf u eylinilrieal pari is shuMri in the drawinic nri the Irfl.. 'I'lie siiinuth 
sitje of the sliearud educ slidus against the die. 

Laiigitiidiiml luek .seams are made with Hit? Imriiiiig ilin-s on slieet-inehil l.■.yliIllle^H up to ]8-gugi.‘ 
t)iiekiiL*.ss. The line drawing on the right .showM the ftillnwing .‘stt?ps: 

1. I'lat hlaiik.s an- ffiniieil iiitu i;.vliiidriL-ul .shupiw im a form rull. 

1. Huth edges of the seiiiii are ftilded, tisiiig bending dies on hath .sides iif the hum. 

■i. The falded-in udge-s are htniked and the .seam claseil belwppn the hum and rim. Iieing ulTset fur 
an iiiilsiile, at if, ar inside, at 4, seam. 

by a stop pin of smaller diameter on tlie end of the puneh. The 
sloek is fed against tliis pin, and a small portion eut away by each 
stroke of the |)uiicli. Standard jiuiichcs are hi. in diain. The 
inmch reciprocates 650 times per min cutting .stock uji to « in. thick 
i't a rate of 36 in. iier min. 

The combination shear, punch, and coper is designed to work 
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Cuurteau Henry and H'riff/if ManufaiUiriny Co. 

12. A lliill-DiiviMi 2.Vrnn Dii'ini; Mfifhino wilh Stook Hdcl, Autnniaiic 
l)tmbl(‘-H(ill Fi;im 1, iiiul Scrap Cutler. 



Cnurle-fiy Henry and WrifjhI Manufarturing Co. 

Fiu. 13. Hiiliir aiul Shihir LMiiiiiialiims Cul Siimiltaiieiuisly froiii Strip ICleclric 
StiM'l 0.02.") ill. Thick by riiiirhiuK :iiul Hliiiikiii^ in a rrogressive Die on a 50-Ton 

Dicing Machine. 

Tlie four upiTaliuit.'i art! porfumiL'i in tin* iiruKnrssivt* die at each stroke. 
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lii'Mvy .shifts and structural slmpcs. It has sovoral working stations. 
The Ryerson No. 3 has a capacity as follows: punch, ' 14 (j in. diam. by 
Vl-in.-thick holes; shear, %-in.-tliick plates; flat bars, Va in. by 4 in.; 



Courtrun Watfi’hurff-Fiirrell Fnunthy anil MarhiriK Co. 


J'lo. 14. An H-l*lTinm»r Evn lcl Alacbim* I'.sihJ in llic Pjnilurlinn of Rrass Sholl.s from 

UliFiiT^oiliMj Stnpk. 

Siirinc firiKiTs Krip tlir alii.ll luul triiii.sfi.r it /riiiii .spimllc tti .spirullf. Nine ii[ii'r:iti(iriN in tiif 
iniii-liiiiL- fur [iniKliintf tlir hmly mF an niic.an, us .slmuii in tin* iii.NiTi, wjirii sl.'irliiia willi n bIjiiikiMj aiiiJ 
iliu>vii sill'll shiiwn in Uaslmii linns iit tliR tuii, art* a.s fiilliiws: 

1. afilriiw, rediii-inc liianirtiT iinil iiirri'usiiiK rli!ptli. o. Kinisli ri'iliiriiia iiti liri'ttst. 

riMlraw. (i. rnnr-liiriK Oip linlt*. 

■*1. ]li.|.liii;ir I'liil tij stiirl lircoot. 7. Turn ilnun triji liolf flailKl'. 

4. Ri’iluri' til raisi' hrnast. 8. Hull tliri'iiil. 

9. Trim linttiiin flanai-. 

angles, 4 in. by 4 in. by in.; tec, 3 in. by 3 in. by |4 in.; and round 
rods, 1% in. in diain. The machine is driven by a 2-lip, l,800-r[)in 
motor. 

Clutches for Power Presses 

Power presses of the flywheel type are constructed so that the crank, 
cams, or toggles may be idle until set in motion for each stroke by en¬ 
gaging a continuously rotating flywheel with the driving shaft or gear 
by means of a clutch. For the safety of the operator, most clutches, 
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when cngagiMl liy Imnil Ivvvr or foot troarlle, ilrivt* tlir rrankshiift for 
only onr nomplcto revolution, after wliieli they are aiitomatirally 
iliseiiKaKerl arnl the shaft stopperl, h*avintf I lie ram in its highest j)osi- 
lion. Some iiuichines, when |)roviileil wilh automatir stoek-feeiling 
rolls anti seraji cutters on reels, Fig. 12, run enntimunisly after being 
started until stopped by the operator. 



CourtvHf/ Antln u' C. Viimfth^ U, J nr. CourlvKH Andren' C. CampfiFll, //«:. 

Kill. lij. Fio. Ilj. 

Fin. Ifj. The Nd. lA Nibbliiii; ■Miichiiie. 

Fio. Ifi. CultiiiK the NibbliuK Machine, I’sinK a French Ciirve as a Templet. 

Thr liMiipli't limy lu* mnciI liy !in iiiiskillpil iipi'riiliir mil ])THftii‘i‘d in rnlliiwinic a lirir Mcrilmil on tlir 
wurk. 


Six types of rliitehes are u.'^ed lor driving meehanieal power presses, 
as follows: the pin and rolling-key elutehes on small [tresses, the 
sliding block citlhir or jaw eliitrh on larger presses, and the friction 
clidch of the magnetic, inieimialic, or meehanieal type on the largest 
presses. 

A [tositive clutch of the pin, roller key, or jaw tyite starts the erank- 
shaft abruptly. It is positively disengaged to leave the slide in its 
uppermost position at the enil of eacli stroke. The friction clutch 
starts the press smoothly without shock, and the slide may be stojipcd 
at any point of its stroke to fit and adjust dies in heavy presses. To 
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iln this with positive clutcheSj the press must be turned slowdy by 
hand. 

A pin clutch, Fig. 17, used on most small presses with nankshafts up 
to 5 in. diam., eaiises the freely rotating flywheel to drive an adjacent 
collar keyed or forged on tlie crankshaft, by a tool-steel sliding pin 
which has its normal bearing in the hub of the wheel and when re¬ 
leased is forced by spring pressure into a recess in the face of the 
collar. 



Fir;. 17. A Lint* Dnnving iif llic AulDinntii' Pin Cliilcli. 

ShnwiiiK u spfOtiii thruiiKli tin- llywhi-».-l .1. i-rankshuft H, i-lnlili pin C, iinrl ilrivi* r.nlliir F. Tht- 
vlutch iH ['TieuKi'il liy piilliiiK ilowiiwiinl iiii tin- wi'il^i--h>liiip(;il ri-li-iiisi- H wliirli hIhii fiirnrs llir- pin bai-.k 
in tJii; lull) iifti;!' tiiiL- rrviiliitiiiii. 


A rolling-key or rocker-arm clutch [lerinits an arm to turn a half- 
round key seatefl in the shaft. The key engages a half-round key way 
in the flywheel, locking it to the .<haft. This tyiie of chitcli is used on 
presses willi eiankshafls uj) to 10 in. iliam. It is grinliially being 
replaced by the pin clutch. 

The sliding jaw clutch. Fig. 18, is u-sed on slow-speed heavy-duty 
presses having crankshafts up to 10 in. iliani. It consists of a 
longitudinally slitling .steppeii collar keyed to the crank.shaft wdth a 
.'gliding fit. When released, by raising the weight E the jaw is 
forced along the shaft by coil s|iriiigs to engage a mating step clutch 
on the face of the hub of tlie freely rotating flywheel. This causc.s 
the flywheel to turn the slirliiig jaw and sliaft. At the end of the 
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revolution, a cam H on the rotating sliding jaw bears against the 
pin (■ anri disengages the clutch. 

Friction clutches arc used on most of the very large crank and 
toggle presses. The smooth engagement is particularly desirable 
where heavy dies are used and the work rerpiires long or deep strokes, 
or long pre.ssure dwell on the dies as in deej) drawing. They have 
single- or multiyile-disk rings attached alternately to the shaft and 
outer driving casing which are forced ttigether mechanically, pneu¬ 
matically, or by electromagnets. 




CnwtvMif Toltdo Mavhine and Tanl Co, 

Fig. 18 . A Line Diagnim of the Auloinalir SlidiuK-Ploek or .Inw-Type (Mulrh wilh 
Gravity Relciise, Showing tin* Idywhecl or Gluich W'herl .1, the Shiil'l R, ihr Sliding 
lilock or Jaw F, and Releasing (^,Lin //. 

Safety clutches are provided on many presses so that the press is 
stopped after each stroke even if the operator fails to relieve the 
starting foot treadle or liami lever. Others are arranged so that elec¬ 
tric buttons or levers must be operated simullaneously by both lianils 
of the operator in order to make sure that his hands are not under the 
press at the time of the descent of the plunger. 

Pre.RS Acce^^nries 

Press accessories for low-cost production consist of such items as 
safety guards, safety clutches, magazine feeds, stock reels, roll feeds, 
stock straighteners, scrap cutters, sera]) reels, and underneath and 
overhead knockouts. These devices add greatly to the speed of the 
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operation and the safety of the operator. All aetions arc synchronized 
with tlie stroke of tlie press. 

Safety: In addition to safety clutches, safety guards are fret|iieiitly 
installed on presses to make it impossible to trip the press, if the 
guard cannot first bo lowered in front of the dies. The swinging tyi)e. 
Fig. 24, sweeps across the front of the dies forcing hands or arms out 
id the way as the slide descends. The photoelectric cell is soiuetiines 
u.-^ed on j)resses to check the engagement of the clutch if hands are 
witliin the dies.-* 

Stock-feeding mechanisms: ]\Iany devices are used for auto¬ 
matically feetling strips of hat stock, blanks, or ]u-eviuusly foniii‘d 
parts, to the dies of a jjress. They not only i)ennit an increased 
raj)idity of i)roduction, but also assist in i)roteeting the haiuls of the 
operator by nuiking it unnecessary for him to put his haiuls near the 
dii's while the press is operating. TIu* feeiling mei-Iianisms giauMally 
employed are of tlie niagcizine, dial, gravity, slidi‘, grip, single or 
ilimhle roll, anil reciprocating tyjies. They may be iijiplied singly or 
in coinbinatiori to suit tlie reijuireiiji'nls of eacli job as illustrated in 
Figs. 4 ainl 12 (see AincriciW Mwrhiiust, Nov. 20, 1947, p. 8o). 

Bar feeds, foiinerly known as the cut and carry type, are recnin- 
inended for fetaling autoinalically the work from die to die. Fig. 14, 
when funning, drawing, or reilrawiiig operations follow blanking, and 
when great changes in size and shajie of (he jiieee make impractical llie 
use of the dial feed. 

Roll feeds are the most cnminon feeding deviees used for striii stork, 
'riie stock is fed between two rolls actuated intermittently by a crank 
on the pre.ss shaft. Tlie feed is stationary and the gii]i of the rolls 
relea.sed while the rlies are functinning sn that tin- work ran be lined 
Uf) prujierly with the dies. For accurate feerl, tht‘ vise of jiilot pins 
or stop gages on the dies is recommended. These rolls may hi* used 
a.- single rolls feeding the stork to or from tlie dies or as double rolls. 

Grip feeds are more positive ami generally nseil for feerling accu¬ 
rately the heavier gages of material. 

Ratchet dial feeds consist essentially of a rotating ring or jilate hav¬ 
ing in it a number of holes or stations, Fig. 4. The ring is indexed by 
a crank on the press shaft and so timed that the .stations come suc¬ 
cessively under the various punches. 

Frequently presses are equipped with notching devices so that 
fireular work, sueh as large armature disks and saws, ean be notched 
in the periphery as the work is indexed at each stroke of the press. 

* SuperiDr numerals refer to entries in the Bibliograpliy at the end of the 
chapter. 
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The Bligs strip feed is a device applied to presses in the can-making 
industry for making a press fully automatic for extremely high pro¬ 
duction. The operator places a pile of strip in a magazine at the front 
of the press and starts the machine by tripping the elutrh. A linkage 
carrying a suction feed lifts the top strip and f)laces it upon the feed 
table where the strip is gripped by a push bar which feeds it through 
the die. The finishetl blanks fall to the back of the press, and the 
Hcraj) strip is thrown clear of the press by an ejecting arm as each strip 
is finished. 

Scrap cutters: Scrap cutters are used to cut tlie continuous strip 
corning from the dies into short pieces for ease of handling. Fre- 
ciucntly the continuous strips are coiled on sera]) reels to facilitate 
handling. 

Knockouts for power presses: Many schemes are employed to re¬ 
move a part from a rlie after the working stroke. Time is saved and 
the ojierator anil efiiii])ment protected from ])ossibl(‘ injury when such 
means are enii)loyed. Mechanical knockouts are most generally used. 
These are operateil from the overhanging crankshaft. Others are 
oiierateil by a rod extending horizontally through the slide so that, as 
the slide is raised, it engages adjustable stu))s attached to the frame 
and holds the rod extending through the ujiper die, forcing out any 
sticking parts. Cams located at either side of the crank or below the 
dies, Fig. 14, also are used to operate bars to knock out the work re¬ 
tained in parts of the the. (Jrayity or rubber bumpers built into the 
die or an intermittent air blast greatly assist in the removal of work 
from dies. 

Selection of Presses 

E. V. Crane states that the selection of a press involves its size to 
accommodate the work; its strength or tonnage ca[)acity; the energy 
available for work or flywheel cajiacity; the speed of operation or 
crankpin velocity; and the size of the motor nr power required. The 
size of a press may be indicated hy the size of the bed within the 
frame; the distance between the bed and the slide, at the top (open 
height) and bottom (closed height) of its stroke; the length of the 
stroke; and tlie length of the working stroke. A 250-ton press of the 
knuckle-joint type has a stroke anil will work through Vs in. 

The forging press of the same tonnage capacity has a 4-in. stroke and 
a lV 2 "in- working stroke; the general utility crank press, 10 in. by 4 
ill.; the toggle press, 28 in. by 13 in. The weights of the four presses 
will vaiy from 12,000 to 145,000 lb. Presses often are rated as to their 
pressure capacity F in tons, as F = Cd-, in which C is a constant vary- 
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ing from 1.6 to 8.1, depending upon the type of press, form of crank¬ 
shaft, and number of cranks; and d is the diameter in inches of the 
main shaft at the bearings (“ How ^lodcrn Mechanical Presses 
Operate,” American Machinist, Nov. 17, 1949, p. 101). 

Hydraulically Operated Phe.sses 

Hydraulic presses have one or more rams driven by manual or 
power-generated hydraulic pressure. The pressure may be supplied 
from a self-contained puiiij) as used on the small vertical press for 
hroMching and miscellaneous assembly w^ork, Fig. XlII-4, or from an 
accumulator or intensifier. An accmnulalor system is shown in 
Fig. 19. With sufficient ]uimj) and accumulator capacity, any number 
of presses may he ojierated conveniently on each of several floors. 



Fiu. 19. A Laynui of thu Pump, Supply Tank, mul Annuiiiululor Sysiciii 

for Driving a Plain and Inverted Hydraulic Press on the Same Floor. 


Hydraulic presses also operate with an intensifier, as shown in 
Fig. 20, in whieh two rams are ])rovided to force the moving platen 
upward against the stationary head. A 500-11) pressure is maintained 
in the line by an accumulator or pump. The i)umi) running eontinu- 
ously keeps the accumulator at the top of its stroke, maintaining a line 
pressure of 500 psi. 

In operation, the 500-psi pressure water or oil from the accumulator 
is applied directly to the press rams, and the platen is moved up to the 
work. During the actual pressing stroke, the 500-psi pressure water 
is admitted to the low-pressure cylinder of the intensifier, and the 
3,000-lb pressure water is then used to do the actual f)ressing opera¬ 
tion. This arrangement effects a saving in the cost of pumping large 
^piantities of high-i)ressure water. Presses are also built wdth self- 
contained electric motor and hydraulic system. These units provide 
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features such as instant and autonaatic contrul of pressure and speed 
of the rain and give a cycle well controlled and highly efficient. The 
press works to pressure limits instead of position limits as do me¬ 
chanically operated presses. Specific desirable features are as follows: 

1. The yinjssiirn on the work ia applied without shoek and as rapidly or ai: 
gradually as desired. 



Court^nji R. D. IVuod and Co. 


Tiii. 20. A I.OOO-'run Hydraulic Press of Ihe rp-Working Type for I'iihricaliiig 
Mehd Airplane Propellers. 

It hiis JI' •j-iii.-iliiiin. iiiiiiii pn'.ssiiri' riiiii unil iiiii.' 17‘.i-in.-ilium. rluiii|iiiiu ruin litcuinl lirimutli 
lln* mnviiiK Tin' nmxinniiii \ fi'tii-iil sti'iiki* is IH in. 'rin* inti'n.silii>r is sliiiwn lit tlii' riulit. 

2. Pre.ssuie .'iiiil speed of ihi‘ ram are under posilive eoiilrol and ean he varital 
as desiri'd. 

The lenglli of siroke ran hi' varied as needeil. 

4. The inessure applied hy llie ruin during (lie working porlion of llie stroke 
ean he set In leinaiii roiistaiil tiiid ni'Vi'r exeeeil a set inaxiininn. even though 
Ihe stork varies in thirkiiess. 

o. Rapid traverse of Ihe ram lo ihe work i-aii hi' made and the speed-then 
redueed ms ilesiied for working. 

6. Single, donhit'. or tiiple ar‘.ion i.s availahle, any one of whirh not nuedeil 
is easily made inoperalix e. 

7. Oplinuiin drawing speeds ean be inuinlaincd. 
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S. InrhinK ronlrol is possiblt' for srUini; uji ilirs finii tryinp out iatc for a 
i). Blfmk-lioilier pressure rLin be varied as the draw progresses. SUch 

10. The presses are exi-ephoiially versatile and safe for operators, the ^ , 
dies, and work {Tout and Die Jminiul, July, 19-lS, p. 46). are, 

Each press may be operatcil luunually nr set for an autnmatic cyri\ 
Manual eonlrul tlirniip;li a single lever is used for assembling:, beinling;, 
fnreing;, anil shaft straightening; when strokes of irregular lengths are 
ilesirable. Thu semiautinnatie ur full-autnmatie eyele rnntrnl is best 



CoHrte»v .•1//iio»rrp Mavkint; Vu. [Erit Farti^ (’«.) 

I'liJ. 21. A 2,0()0-'rofi Steaiii-llydraulie Press I’sed in I’orgiiig a I^arge ('ranksliart. 

.\ .'jO-tuii crani' and tuniiiiK Id link snpiuirt tin* wurk whilr llin 2l)-t.iiii inaiiiinilatiir and liuldH 

ttin wiirk :is it i.'i furled ti.i .sllil|ll^ 


for such fluiilicate nperations as exist in prartieaHy all classes of die 
work for blanking, drawing, forming, coining, anrl embossing. 

A hydraulic flanging press of the single-frame type lias a vertical 
and a horizontal ram. The work, siirli as a bi‘ad of a boiler, is belrl 
on the anvil by the vcrtieal ram while the flanging nr bending over 
the edge is done by the horizontal rain operating against the edge of 
the anvil. Presses of this tyiie arc well adapteil to miscellaneous jobs, 
such as flanging and bending plates. 

A large steam-hydraulic press is shown in Fig. 21. 

Fohgixg Hammkhs and Presses 

Forging presses are made as liaminers, U|)setters, headers, and 
presses. They may be operated mechanically by gravity, screw, 
crank, toggle, pneumatically, hydraulically, or by steam. 
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features such as instant and automatic control of pressure and speed 
of the ram and give a cycle well controlled and highly efficient. The 
press works to pressure limits instead of position limits as do me¬ 
chanically of)erated presses. Specific desirable features are as follows: 

1. The pr(\s.siirR on the work is uitplicii without shock and as rapidly or aij 
gradually as desired. 



Cimrtvs]/ II. D. Wund ii»rf Co. 


20. A I.OOD-'roii llydraulie Press of tiie r|)-Workiiig Type for f'lLbriratiog 
.Metal Airplane Propellers. 

It has iiiti' 'J'4 ' •j-iii.-iliiiiii. iiuiiii |.iri*ssiiri‘ miii iiiiil iiiii* 17 U-hi.-iliuiit. i'liiiii|iiiiu ruin liiniti'ij hi‘iii:ut.h 
Ihi* iiiiiviiii£ iiliili'ii. 'J'lii- iiiaxiiiiniii viTlii-iil stmkr i.s 18 in. 'I'lii* iiiti'iisiliiT is .shuwii ill llii‘ riKht. 

2. I’ressure ami speiMl of I he rain are iiiidi’r jiDsiliN e roiilrol ami ran be varied 
as desireil. 

а. The li'iiglh of .-^Iroke l aii he vaiieil as iieiMled. 

4. The luessure applied hy (he ram during (he working luiiiion of the stroke 
ran he si*i to remain roustani and never exeeial a set luu.xiiiiuiii, e\en though 
the stork varies in thirkness. 

5. Hapid traverse of ihe ram lo the work laii he made and the speed-lhen 
rediired as ilesired for working. 

б. Single, douhle. or triple art ion is available, any om; of whiuh nut needed 
is easily made inoju'iali\ e. 

7. Optimum drawing speeds ran be maintained. 
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S. Ini’lunp rontiol pnxsiljln fm .srliing iiji ihvs jidiI Irying out slnrk. 

9. JiKink-liijlil['i pri'svsuM^ i-.-iii br \ ariL'il as llir draw pi opiLvssps. 

10. The aiu L'M“rplii)iiiiily MMsalilr anil safr for oppralois, the niac-hinp, 

dips, anil wDik [Tunl nut! Du Jtiwnal, July, 1948, ji. 46). 

Eut’h |)ipss may br uju'iatiMl inaiiiiiilly nr M't fur an autumatic cyrli' 
Alaiiual rontrnl llirini^Ii a Miialc Ipvit is ii'^ial lor assmibling, bonding, 
inrring, and '-haft slraigliti’iiing wlion slnikos of irrogular longths aro 
dc-irablo. Thv suiiiiaiiluinaLii* or liill-aiiliniiatir ryelo control is best 



Til.. 21 . A 2 ,nnn-Tim Straiu-llydraulir Press I sell iii I'ui^uik a baiKe (’lanksliall. 

4 "ill-tun rrani- iiiiil liirnmK su|)|mrt llu* woik uliilc tin- iii.xiiipiiliiriM iiim ch iiiiil ]iu]rl'4 

llii> \Mjrk as il IS frirKi'il In sli.i|in 


for .‘«ucli du])licatc operations as exist in practically all chis'-e.'- of flic 
work for blanking, flrawing, forming, coining, and embossing. 

A hydraulic flanging press of the single-irame tyjie has a vertical 
and a horizontal ram. The work, .such as a heail of a boiler, is hi'ld 
on the anvil by the vertical ram N^hile the flanging or lumding over 
the edge is done by the horizoiilal ram oiierating against the eilge of 
the anvil. Presses of this type are well adaplerl to miscellaneous jobs, 
such as flanging and biuiding i)lutes. 

A large steam-hydraulic press is shown in Fig. 21. 

Forgtxo Hammers and PnE.s.sE.s 

Forging presses are made a.s hammers, ujksctters, headers, and 
])re.sses. They may he opcrateil iiiechanically by gravity, screw, 
crank, toggle, pneumatically, hydraulically, or by .steam. 
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Moat hot-forging hammers and presses are ])rovided with acces¬ 
sories ronsisting of a furnace for heating the work before forging 
and a press equipperl with a die for trinmiing the frirging flash or cut¬ 
ting ofiF tlic si)rue after forging. Thus, the work i.s passed by the 
furnace hand to the forger and thence on to the trimmer. For jobbing 
work, the hammer and anvil are generally used for forging, as shown 
in Fig. 21, but when forged parts are to be produced in quantities, dies 



Courteay Erie Foundry Co. 


Firj. 22. A 16,(KH)-lb. Stinim Droii-lltiniinci' mid a Nik 21 Tir-Riul Triiiiniing Pruss. 

ITnpiI in lilt* |irailiiflii)ii uf TurKiiiKx fur rniiiiuiiiiiiii IIuhk^m iif 0.2.5 pur uunl uurbuii Htuiil. Thn finiHhnii 
furKinK I'*) >>k ilium., 1^2 i'K luiru. und 2 in. tliirk. 


are substituted, Fig. 22. The dies are made in two halves, one half 
attached to the ram and the other acting as the anvil. Each forging 
die contains usually from two to five impressions. Each one in turn 
forms the work to its final shape so as to obtain long life of the die, 
sound forgings, and a high rale of production at low cost. 

In the gravity type of press, the hammer carrying the upper por¬ 
tion of the die is raised anil allowed to drop on the work. The board 
drop-hammer is so arranged that the boards placed vertically with the 
liamiiiers attacheil to the lower end may he squeezed between con¬ 
stantly rotating rolls to raise the weight. When the proper height is 
reached, the rolls are separated, allowing the weight to fall. Drop- 
hammers of the rope lift type sumctiines are used. 
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These presses, equipped with suitable dies, are appropriate for a 
wide range of light forging, embossing, and swaging operations on such 
articles as silver and plated forks and spoons, builders’ hardware, 
stampings for stoves, formed shovels, and small automotive parts. 

The percussion press shown in Fig. 3 is used for light forging work 
where vibration is objectionable, as on upper floors. 

The crank straight-sided geared press, Fig. 5, is often used for 
forging work. It is sometimes equij)j)eil with a sprue cutter located 
on the outside of the frame and driven by an eccentric on the end 
of the crankshaft, as shown in Fig. 22. 

The steam hammer, Fig. 22, made in various sizes, is provided with 
a hammer on the lower end of a ram reciprocated by steam jiressure. 
Tlie operator controls the valve ojiening so that blows of a widi* range 
of intensity can be dealt as desireil. This hammer is of greatest use 
on forgings of irregular cross section and shai)e which require blows 
id' different intensities. The Nazel self-contained imdor-driven pneu¬ 
matic hammer also gives a powerful squeezing blow similar to that id' 
the steam hammer. 

Steam-oi)erated forging hammers are built in the single-frame type 
similar to a gap-ty])e punching i)ress in smaller sizes for general forg¬ 
ing work and in the double-frame type, Fig. 22, uj) to 20,000 lb. In 
Fig. 22, stock 10 in. wide by 3 in. thick is sheared or sawed to 10-in. 
lengths and is being die forged. Allowing for flash, web, tong hold, and 
for scaling, the gross weight of the stock is 85 lb and the net weight 
of the finished f)art is 75 lb. A monorail at the front of the hammer 
carries a trolley with which the stock, as it is lielil in tongs, is removetl 
from the furnace and supported during the forging. One corner of the 
stock is placed on the front edge of the die anil a light blow struck to 
pinch out a thin section to provide a long hold for holding the* j)art in 
subsequent operations. The stock, then held by the tong hold, is 
|)laced in the impression of a bottom die and given six or eight blows 
of the hammer. During the forging, a jet of steam or compres.serl air 
is used to blow away the scale. Between blows, the forging is lifted 
out of the bottom imj)ression so that the scale can be blown out. 
When the material has been forged down .so that the dies hit together, 
it is removed to the side shear of the trimming press where the web is 
imnched out of the center in one stroke. The part is then transferred 
to the trimming die on the bolster plate where it is pushed through the 
die, leaving the fla.sh and tong hold above. If gear blanks were to be 
made, it would be more satisfactory to .start with a piece of rough 
stock 7 in. diam. by 7V^ in. long with the grain running lengthwise. 
This woulil l>e upset in tlie die, producing a radial plastic flow so that 
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all teeth would be of equal strength. By using flat stook, as described 
above, the original grain structure runs lengthwise, which would give 
teeth having inaxiinuni strength on the two ends and ininimuiii strength 
on the sides. 

The large vertical, hydraulic press used fur forging, Fig. 21, is pro¬ 
vided with a inanipulator which replaces many hanrls in large forging 
work, and makes it possible to accoinplisli more in one heat with a 
great reduction in man power re(|uired. 

T1 le crank-operated, high-duty forging machine, made by the 
National Machinery Co., is being used extensively for the mass pro- 



Courieay A’afiunat Machinery Co. 

2H. A Si*l f»f l'^)r|rin||s Dii*s for (hi* (irar Plank in 

OpiMMliinis. 


'riir |llllll■lll‘.s iirf nIiiiwii iit tlir Infl; llii* ilii' in Iwii hsilvivs iit |.lii> ri^lit. Tlir fniir stiLKiss uf the Rear 
lilmik riri’ .slmwii lieliav I lie ilie.s. As ( lie RL'ur liliiiik iis ininrlitMl iilT in tlie rinirtli slHRe, ii Hiiiiill hIiir ij^ 
prmliirM'rl wliieli im tlir iinly iiiiiliM'iiil wiisteil. The next liliink im inaile iiii the emi of the bur fruiii 
wliii'li the proviiiiis hluiik wiln iiune.hiMl. 


diiction of forgings. This machine uses expensive imiltiple-stage dies, 
P^ig. 23, anil the work is formed as the heated bar is transferreil suc¬ 
cessively from the top impression to the bottom. A great variety of 
parts of eoiuidicated sha|ie and variable size is upset from bars in 
these presses. 

Headers are frequently iiseil to iijiset or form parts such as balls 
and nuts. Work from small bars is formed cold and is fed in the form 
of coiled wire or bars to the machine. Larger-sized bars cut to con¬ 
venient handling lengths u.-<iially are preheated in an adjacent furnace 
and fed by hand into the machine. The wire or bar projects through 
the die to give tlie proper amount of material needed in the jiicce. A 
slug is sheared off and transfeiTed sidewise to the upsetting dies 
(MfirhmcTiy, May, 1934, p. 565). Knockout pins, working through 
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the center of each die, eject the work from the dies a? soon as the 
])unch draws back. The rate of production varies with the size of the 
machine. Steel nuts for %-in. thread are upset at the rate of 100 
j)lt min. 


Punches and Dies fuu Phesses 


Definition 

A punch, as the term is applied in pressed metal work, is tliat juirt 
f)f a press tool which enters into an opening or cavity formed in the 
die section, as in punching, blanking, drawinu;, or forming. The punch 
usually is the ui)i)er member, bein^i* atlached to the |)r(‘ss slide or ram: 
hul it may be the lower miauber, as in the case of press toids of in¬ 
verted design. ^Vhell the upper and lower nu‘ud)ers ari‘ similar, as, 
for examide, embossiufi; ami cfunin^ dies, tlu* upper is commonly re- 
ferred to as the i)unch, and the lower tis thi‘ rlii*. bt'caiise of theii- 
location. 

A die, as applied to a press tool, is that part which has an ojuaiiiiK 
or cavity to receive the j)unch. Very commonly the term die is apjdietl 
to an entire i)ress tool to include both tlie inmeh and die as defineil 
above. 

Various Parts of a Die 

Dies vary a sr^'id deal in eonstruction to suit tlie cpiantity of jiro- 
duelion and the tyj)es of operation.s involvial. ]NTost ilies, a.s shown in 
Fijj;. 24, consist of an up|ier member comprisin^^ a jninch, punch plate, 
and punrli holder, and a lower member comprising a strii)i)er jihite, ilic, 
die bolder, and bolster. 

The punch or punches are usually held in a steel punch plate, 
doweled and cap screwed tn the punch holder chim]ual to the rain. 
Most standard pres.ses of the smaller size.s iire made willi an npeniriK or 
sorket in the lower end of the ram to hold the shank of the punch 
holder. In some machines the opening is .srpiare, set diagonally, to 
avoid rotation of the puiieli. Tn others the o|)enin;»: is eircular, n.sually 
with one flat side. Some slifles are iwovirlcd with lu^.s at the side, so 
the flange of the holders can be attached by cap screws. 

The die is usually doweled and cap screwed to the die bohler in turn 
clamped to the bolster jilate which is bolterl onto the bed of the jiress- 
Figure 11 shows the swinging table supporting the bolster iilate on 
which the die is mounted. J^arge prc.ssc.s may have the punch and die 
plates bolted directly to the rain or bed. The face of bolsters may be 
dovetailed so that dies for many purposes can fit them interchangeably 
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and be held in position by gibs or set screws. The bolster is many 
times through-drilled and tapped according to a standard layout so 



CourtBay Taylor-Schantz Co. 


Fit*. 24. Dip Nnnicncldlui'P and an Auinmatic Tress Guard. 

To protect till* hunilM of Ihr. (ipprHtnr fruin tliR ninKli^-liiinrhinK die set up nn a amall inclinable 
prcHH. Ah till* punch ilcNccndn, after thi* clutch hua been eiiKaged, the pendulum sweepa acrooB the 
front of the die and forceH arms and handa uut of the way. 


that all dies, regardless of size and shape, to be used on the press may 
he attarlunl by caji screws. 

The alignment of the punch with the die is maintained in opera¬ 
tion by the slide in the frame ways and the rigidity of the jiress frame. 
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For convenience in mounting the punch and die plates and for insuring 
their more accurate alignment, die sets arc now generally used, as 
shown in Fig. 25. Die sets consist of punch and die holders, Fig. 24. 
Guide posts fixed in the die holders engage bushings in the punch 
holder to maintain true alignment.- Dies may be provided with two 
guide posts located on either side of the die at the side or back as 
shown in Fig. 26. Larger die sets are more often provided with four 
guide posts. 



I 


1 





Courtesy Niagara Mai:hint and Tuol Works. 

Fifi. 25. A Ffmr-Guidc-Po.st, Squaiu Die Sol for lilsiiikiiiK, Drawing, Eiiibossiiig, 
and Punching the Sti*i;l Hoad of a oo-gal Drum. 

A number of adjustable self-contained punches and dies such as the 
AVales shown in Fig. 21A are used for the low production of jiarts as 
in the aircraft industry. These units, containing the i)roper sizes of 
j)unch and die, arc mounted on a T-slottcd plate so that the complete 
built-up die, made up of the plate anrl die units, is attached to the 
bolster plate with necessary guides and supports for the work. The 
work being inserted in the die is punched by means of the ram descend¬ 
ing on the punches. 

The subpress. Fig. 21B, was develoiicd by the watch industry to 
keep the punch and die in true alignment. The upper and lower 
portions of the die are combined into one self-contained unit which is 
clamped directly to the bolster. They are adapted for the production 
of small, delicate, or irregularly shaped work. Subpresses are built 
cither as the arch type, which is symmetrical and rigid and should be 
used for strip w'ork, or as the overhanging type which makes the die 
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CourUny Carpenter Steel Co. 


Tiii. 2f\. A Pirrciii)^ and Cutting Dii*. 

i'fir lilaiikiiiK uiitiiiiiijliilr rliinr iiiiiin Irirk platen fmiii 14-KaKi‘ pip-kleil HtKi;l strip un ii Nu. R Tolp.tln 
press lit the rate iff l,2(Mi slrnkes per hr. Tin* strip nitrilT shear i,s shown on the left imIkp uf the piiiieh. 
The piiiirhen are iiiaile uf l.lll per rent r.arhim tool steel harileneil at l,42'i‘’ h'. 

'J’he Kuiile fur tlie strip mi I he I riaiiaiilitr piiiieli does nut leave the lower ilie. The strip is feii in 
rniiii the riKht lieiieath the Htrip|i[<r plate perfiirateil in the first sta^e un the riKht side uf the ilie, ami 
then inuviiil to the sermiil .staK'*> where two hiillet-nuseil pilots ae.iMiriitely index the strif) for the irut-olT 
anil the hlankina of the next pieee. Seventy-five thmisand blanks are prudiieetl per Kriiiil. The 
parts shown havi' heen bent in another die. 

innre iircessiblr iinil jtrovitUs ln*ltc*r visibility, pMi liciilarly wbiui blanks 
aiT In be pn.sitinniMl in the rlies by hand. The usual desij»;n embndies 
a eyliiiflrieal rast-inni ram inuimteil in a bahbilt-lined bearing. The 
plunger is prevented from turning by vertical guiding grnoves which 
slide over vertical keys fitteii in the bearing. The grnuves are irregu¬ 
larly sjiaced circumferentially tii iihsure against error in rejilacement 
after remnval. 


Classification of Dies 

Dies, referring tn the punch and die as a unit, may be divideil into 
twn geiu'ral classes as follows: 

A. Culling or .sliniiring ilies. 

B. Sliaping nr fiinitiiig (lies. 


Cutting dies may be subdivided aecordiiig to purpose and construc¬ 
tion. 


Purpo.'^H* 


PilMTC. 

Punch. 

Perforate. 

Hhink. 

Shave. 

Nolch. 

Shear. 

Trim. 

Sprue cutting. 


CDiKstnii'lioii 


Plain, punching, piercing, or 
hhiiikiiig. 

Follow or progrp.ssive. 

Multiple or gang. 

Compouiiil (pierce and blank), 
('omhiiiatioii (cut and shape, 
such os V)laiik and draw). 
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Shaping dies may change the form of a piece in several different 
ways. 


1. RpiirliiiK. 

2. Curling ur wiring, sraming. 


3. Drawing, including 


(^nnhiiiatiun of blank and draw. 
Dijuldi' r)r triple action. 

< Uedrawing. 
liulging. 

Heduring. 


4 . CoinpreHHiim or Hquppr.ing 


Surfapp finiHliing or sizing. 

Forging, riveting, .swaging, upsetting, bulldozing. 
l'iinbn.ssing, eoiniiig, and stamping. 

FNlrudiiig. 


Cutting Dies 

In rutting operations the metal is pinehed between the cutting edge.'? 
of the puneli and die to th(‘ i)tunt of shearing fracture, as shown by the 
insert in Fig. 26. Fractures start in tlie surface of the metal at the 
rutting edges. Sliar]) cutting edges of the jmiicli and die localize the 
pressure and cause fracture more readily than a dull edge. 

Purpose of cutting dies: A punching die is one in which lioles arc 
made. The metal sheared out is the scraj). The rutting edge of the 
die should be flat, aiul any shear or side sh)|)e required should be 
ground on the (‘iid of the punch. A single punching die is illustrated 
in Fig. 24 and by the iii.^ert in Fig. 28. The slug droj)s through the 
die onto the floor below. A blanking die, Fig. 30, blanks or punches 
out the material which forms the part Tlie scraj) remains above the 
rlies. See Fig. 13. 

To jirevent the material punched from sticking to the punch as it 
is withdrawn, a stripper plate is fixed over tlie die, as shown in Fig. 26. 

The jnineh first goes through the stripjier jilate and then through 
the work into the ilie. As it is witlulrawn, the work is held against 
the uiidcTside of the strijiper plate. 

A clean shear of the metal is obtained by having suitable radial 
clearance between tlie jnincli and die uniformly around the jieriphery. 
Hard metal requires less clearance or difference in radii for a clean 
cut than soft metal, but, heeausc of its hardness, will w’ork satis¬ 
factorily with greater clearance. An old rule is to provide a clearance 
between the punch and die all arountl of about Yn) of the thickness 
of soft metal, varying to ^ of the thiekness of hard metal, and being 
as high as Vi the thiekness on some perforating operations where 
sinall-diamcter punches are used. 
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The clearance varies for different materials and thicknesses. A 
rough rule for clearance is to allow 6 per cent of stock thickness up to 
Vs in. Between and %-in. thickness, clearances of Vi; 4-^/32 in. 

are common. The clearance for 0.010-in.-thick stock for brass and 
soft steel, 5 per cent; medium-rolled steel, 6 per cent; and hard- 
rolled steel, 7 per cent, is 0.0005, 0.0006, and 0.0007 in. respectively; for 
(J.100-in. thickness, 0.0055, 0.006, and 0.007 in. respectively; and for 
(). 200 -in. thickness, 0.0105, 0.0120, and 0.0140 in. respectively. For 
stainless steel, the ]iunch and die should be close fitting with less 
cli*arance than for low-carbon steel. About twice as much jiower is 
I’eqjuired to punch it. 

Foj‘ a die from Avhich only a few thousand pieces are expected, ex- 
ce.^sive relief (5 deg) below the cutting edge should be given, as this 
])ermit.s its being finished f|uickly. Fdv accurate and juTinaneiit dies, 
1 or 2 deg is jilenty. Some dies for liard metal luive no relief for a 
distance of more than the thickne.ss of the metal, so one .slug 01 blank 
is always retained. This also piTuiits resharpening without size vari¬ 
ation. 

Since the blanked part should be flat, the end of the jiunch is grouml 
flat and any shear angle or side slope is grouiul on the ilie. The 
slope is both ways from the center. WTien the shajie is to la* held ac¬ 
cording to size, the die is made to that size anil the punch is made 
smaller by the amount of clearance. 

A multiple cutting die is shown in Fig. 26. The upper die, in¬ 
verted at the left, shows a shearing die anil numerous punches set in 
the steel punch plate, which in turn is doweled anil held by enunter.sunk 
screws to the punch holder. A stripp(‘r plate; co^’ers the lower die 
.shown on the right. AA'here a number of jnmcl.es are used, .shear 
may be api)lied by stei)]nng the i)unches. When used with large 
punches, small ones are .shorter by Va-l-i stock thickness to 

prevent breakage. 

The punch generally is fitted into the hardened-steel punch plate, 
as shown in the insert of Fig. 24. AVhenever one punch suiiported in 
this fashion is damaged, the punch i)late has to ))c removed to facilitate 
exchange or repair. A special punch plate with thrust jilate, as .shown 
by the insert in Fig. 28, in general use permits jmnehes of a limited 
size range having the same shank diameter to be used interchangeably. 
In case of damage to any one punch, that one punch alone can be re¬ 
moved and replaced in about a minute. The punche.s of tlic multiple- 
punch die. Fig. 28, are held in position by this method. Very close 
center-to-center distances of the punches are permitted. 

In designing such large multiple punching dies, adequate clearance, 
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rigidity arquiUMl by piopnrtioiis fm tlir kind nl matcTials used, 

and CDirect alignment nf punehes and dies, tngetliei vMtli the mtio- 
durtinn of inteiehangeable jiundies, me impoitant A** a gciieial lule, 
a puneh fehould bo not les-^ in diaiiietei than the thiLkneiss uf the plate. 



Cfiurtmy ilhid I‘iuduit<t Vnrp [Uv hard Brothers Duiaion). 


Tn. A Dip Ilf till* 1 oui-Ciiinh -Pi>s( [\\n .H in \\ iili 11111.12111 (hii-illSi/i* 

fin Pnliii iliiiK Siiuull iiiumsl\ in i Smfrli ]] ml ( dUI-RdIIpiI S(i>i>l PI ili 

13 '2 in \^ nil .1(1 111 Ijiiiik .mil ' s ii> llui'k Isiilinllii M.iniil irtiiii* i)f Xutiiiiiitu 

\ iilinj; M II liini's 

llif* piini lim nil III 111 111 till |iiiin Ii pliilis )i\ iiii iiis nf tin Hiihinl Miiithirs ml i n li hike uliln 
linliiiiili illiioli itiil III till HIM it III II lilt h I Ii ill III till I mil li i[ 1 iiiii I iv fun i il li\ i i iiiii]irL ssi i] i ml 
HpriniE ml i> 11 Ki mjM iii tin | iiiii li ‘.liiiiik I In lilhi khmjii is ini Inn il simlitli lissfionitln iiitnul 
tiinii lliut Ilf till iipi iiiiiK I iiiiliiiiiiiiK Ilii ImII lilt iniiiiliis in iiiiili nf i irlniii i iiiiurliiiiii sUlI Nij 2 
Tubli 1 iinil tin tins nf IukIi-i iirliiiii IiikIi i liruiiiiuiii sIi iI Nii 11 ) 


In the die illu^trateil, about 100 ol the hole" piereed aie in dmm , 
while the jilate 1 *^ N in thiek The pie*'suie to toiee a *jj-in imneh 
through the *s-in plate will ^aiy lioiii 1 400 to 1 800 lb, owing to vari- 
iitionss 111 elearaiiee alone A hill-fioating iiip^itne >tripper with ample 
elcaranee around each punrh wull keep it from beeoinmg erainped 
or allowing the woik to beeonie eianiped on the puneh ])oint:3 The 
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dies were made with perfectly straight holes for a distance from tlie top 
down equal to IVii the thickness ut the metal. This prevents slugs 
from rc'turning to the tof) ot the dies. The die i)liite, on which the die 
sections are attached by dowel pins and coiintersiiiik socket-head 
screws, was machiued from a solid 0.40 per cent carbon-steel forging, 
finished 8 in. thick over-all and 6 in. thick over the bridge. The bridge 
slot 2 in. lieep, planed lengthwise in the bottom, i)ermits the operatrw to 
clean slugs from the bolster. The |uinch block, on which tlu* sectional 
imn(‘h hacking jilates and linlders are doweleil and screweil, was forged 
from the same material ami finished to 4 in. in thickness. 

Perforating dies are used to ])unch a largt* number of small holes 
in thin sheet metal for protlucing strainers, sieve's, etc. These dies 
usually are mounti'd on any standard jn-ess fitti'fl with attachments, 
sucli as a ratchi't or ndl-feialing device, tf) feeil tin* strips to tin* ilies. 

Shaving dies may remove from 0.001 to 0.004 in. of metal ipii the 
outsiile of a blank to jerluee it to aceurati* sizi* ami shajie, or |irovide a 
fine finish, such as the fine ti'i'lh of a gear blanked from sheet. Trim¬ 
ming dies ai'e shearing dit's ust*d for trimming (he flanges of drawn 
shells or forgings. Fig. 22, etc. 

Follow die puriehing and blanking, Figs. 13 ami 26, is one imdhod 
of proilucing blanks with hoh's in them, such as wa.sheis, in one 
handling in a single-acting pre.ss. It is usually faster than the 
alternative', the enmpound die', hut the prniliict may be somewhat less 
nnifoi'm. In tbi' first step, the boh' is ]nmrheil. pushing llu' scrap 
through the ilie. The work is then mn\a‘d umlei- tin* hhmkiug punch 
where the sliMjie i.s blanked and jnislieel tlirongb the dir*. Tlie two 
n])eratiork 5 are done on the same stroke. Fi*eqneiitly a biillet-nnseil 
|iilot is jirovided in tln^ blanking piuicli. or beside it, to enter lioles 
])reviuu.sly punclied to locate the inmehed hole in lh(’ hhinking die. 

A compound die for punching and blanking is shown in Fig. 25. 
This actually is a combiiiatitui dii- in that the forming operations of 
ilrawing and embossing al.«n are performed for which a double-acting 
press i.s reriuired. Added illustrations of cutting dies are given with 
shaping ilies in Figs. 33^4 incl. 

Shaping Dies 

Shaping dies change the form of a piece in different ways. Bending 
dies stres.s the metal in ten.'^ion and cnin|)ression on each side of its 
neutral axis. Bending ls usually not a severe operation, as illustrateil 
by the insert of the horning operation in Fig. 11. Many bending dies 
incorporate spring pails or spring pins to prevent the metal from 
creeping one way or another. Frequently bending dies include wedg- 
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ing or rolling actions to get liorizontal motion for undertucking. 
Wedges, frequently in the form of guide posts beveled on one side, 
serve first as a pilot until the post has engaged the bushing, and then 
as a wedge to operate horizontally movable members of the dies. 
Curling and wiring, illustrated by the insert sketch in Fig. 11, are 
largely bending operations. 

Drawing dies cause the metal to flow from flat metal or previously 
drawn shapes into other shapes. The metal remains practically of the 
same uniform thickness. 


Ffttaram-A 


- 



B!ank 



Fi(i. 21). DrawiiiK Dirs wilhiml :inil willi Hliiiik llnliicr. 

On till* li'ft II iliNk iiri'viiiUNly lilaiikiMl in tiLMiiK pukIuhI tlimuKh the iliu with iiu blank hiildi'r. At thu 
riKht a blank holder IihIiLh tho dink wliili* tin* |iiiiiidi riirr.i\s it throiiKli the* diu. 


Cupping, shallow drawing, deep drawing, redrawing, and ironing 

are forms of drawing operations progressively related. The action of 
a sini])le drawing die without and with a blank holder is shown in 
Fig. 29. 

Some low shells, drum.s, and covers of relatively large diameter and 
relatively thick metal may be drawn without holding the blank down. 
Deeper shells require double-acting dies and a brief tlwell of a blank 
holder, for whieh double-action crank presses may be used with a 
punch slide and blank-holding slide. 

Pressure attachments operated by a coil spring or a rubber spring, 
as shown at /i. Fig. 33, may serve to make the die double acting for use 
on a single-acting pres.s. The machines used may he single-action 
presses fitted with rubber bumpers for small work, deep-spring-jires- 
sure attachments, or jmeumatic or liydraulic cushions in the bed of-the 
press. Regular douhle-actiim jiresses, having one erank-actuated sliile 
for drawing and a cam- or toggle-actuated slide lor holding the blank, 
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arp mcrp desirable, as the holding pressure is adjustably fixed and of 
long diiratinri. 

The force of Ihe punch in drawing a flat blank into a cup, as shown 
lit the right, Fig. 29, causes a radial tensile stress in the metal which 
j)roduces a resultant comjiressive stress in the flat jiurtion of the ilisk 
being helil under the blank holders as the circumference of the blank 
is f'ontinuously reduced to that r)f the cup. This compressive stress 
always exceeds tlie tensile stress and may cause the flange to wrinkle 
nr buckle. Therefore, a considerable jnessure on the blank holder 
IS reciiiired. 

(’rane reports that in blanking anil drawing light-gage steel in 
double-action dies, the diameter of the first draw is about 40 per cent 
(hat of tlie disk. In subsequent double-action r(‘iii’aws, using a blank 
holder, the reduction in per cent may run up to 25, 20, 16, 13, and 10, 
depending on the relative tliickness of the stock anil the fretpieiicy of 
annealing between draw.s. Singh‘-action reilrawing without a blank 
holder recpiires smaller steps, such as 19, 15, 12. 10, etc., jier cent. 

Crane reports further that the relation lietween Ihe diameter 1) of 
the blank, and the shell outside diameter d, and shell height h, of thin 
melal, may be exi)ressed on a basis of eqiiivah'iil areas as: 

D- d- -h ^dh (for flangeless cup) 

and 

D- ^ d.r H 4r/,/i (for a flanged cup with flange diam. d. and 
cuj) diam. d,) 

If ihe bottom mean corner radius r of the shell is relatively large, then 


D = Vid-2r)- + Atliii - r) + 2irn(l - 0.7r) 

If tliifk inotitl of Hiifkiu'.s,« f is usi-tl, ii ratio of vohiuics (jivi-s 


D = 


i/ 


(f/-2r-20“ + 4 id-t){h-r) 

+ 27r(r-h0.4f) (f/- 0.7r - 0.30 


These results will vary somewhat with the type and hardness of metal 
used anil the fit of the die jiarts. 

A combination blanking and drawing die built into a die set is 
shown in Fig. 30. The edge of the die over wiiich the metal is drawn 
is usually helil to a radius of four to six times the metal thickness. A 
small radius causes excessive thinning of the metal and a high 
resistance to drawing over the edge. A larger radius may be used 
where the metal is sufficiently thick with respect to its diameter to 
preclude wrinkling. 
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The rarliiil clearance between the flrawin^i i)uneli anti rlie iii^ually i.s 
mure than the metal thickness to permit thiekenin||!; up and easy flow 
over the edges. For ironing ur thinniiig the wall uf a drawn part 
by forcing it tlirtiiigh a tlie, the clearance may be held to the original 
thickness uf the metal or slightly less. In normal fn'e-tlrawing oj)era- 
tions where the thickening is not objecliunable, the clearance may be 



Courtesy Mitif/ara Miirhine and Tool Works. 

I'm. 30 . A Twn-(iuiili*-P<isl Dii! Set with CViiiiliinatiini Hiiiiikiug mid Uniwing Die 
fur Priulut’iiig llu* Siiiull ('opjier ('up Slujwii ;t( llu* Left. 

TliP bluiik if* Iii'IlI lu'twivn llii- ii|»|n*r imil luwnr riii|C. wliili* On* imiinli in tlu* l;i\vt*r rlir fnrri's tin- 
work iiiMviinl iiitu llir ri‘i'i-s.s nt I lie hluiikiiii!; iniiirli. 'I'lir spriii(;-li!ii'.ki‘il aUu-cliiiuMit ur 

kiiiii^kuiit. ill till' nppiT ilii* I'jiM'ls Mu* liiiishiHl nip fruiii lln* ruBuss ns tin* rtviii is ruiseil. Tlu> .strip is 
liiriilvcl ovi't tlir ilii* liy im*uiiw uf tin* Iwu heiil .slup pi.is. Tin' insiTl (by K. \’. rriiiiiO nIiuws m nnn- 
binatiuii bliinkinK uiiil JruwiiiK iJir fur pUMliini; tliu wurk tbruiigh tho liiwur Jiu, fur ii»B uii u diiiiblB- 
iirtiiin iiru.’iuf. 


as high as 50 per cent more than the metal thickness for the first opera¬ 
tion draw anil 25 per cent more than the metal thickness for the 
redrawing. The nose of the drawing punch also should have a radius 
of four to six times the metal thickness. The surfaces of the throat 
of the die, the nose of the punch, the drawing edge, and the blank¬ 
holding surfaces should be highly finished in order to avoid i)icking up 
material and to prevent breakage of the work when drawing is very 
severe. 
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Staimping operations do not squeeze the metal, but merely bend it 
uj) into letters, designs, or porrugatioiis, Fig. 4o. Embossing roiii- 
j)resses tlie sheet between dies to a flowing iiressure to bring up slKir|» 
impressions, but docs not change original thickness apj)reeiably, 
Fig. 45. 



Cuurteni/ V and 0 J*reaa Co. 

31. An IlliishaMi)n nf a SiM'irs of Blanking ;inil ii:g (j|M‘ra I inns PiM-rnrinnl 
by a Prn^sri‘ssivi‘ Die in a l*ri'ss Eiiuippril willi Hull I’ri'il. 

'I'ht' liiwiT niw fshiiws tlif Miic.iuvssivi* slrps ri‘i|iiin‘i{ fur HiiLshiii^ Hip |iipn> in !i pn*ss L‘i|iiip|ici| with ii 
iliitl fci-il. 


Bulging i)i'o(luci's considerable siretching tinil may l)e accfnnplisheil 
l)y weilge-opt'rati'fl mechanical bulging ilies. riibbi'r bulging dies, and 
by spiiming. Fig. 47. 

An example of the use of cutting and shaping dies: llxamples 
of work prt)dueed from slietd im^tal l)y sm*ce>sive flie C)i)f'rahons are 
shown in Fig. 31 .and in llie in.serl of Fig. 14. To avoid a lenglhy dis- 



Ciiurlvujt Mtu-hiiin-.u Maijazini: and Arklin Stamiriiiu Co. 


Pin. 32. Shapi'.s Mini DiiiiLMi.sinns nf the rniver.sal .Iniiil Bnni Mfler Ihi* Pet-fni'iniincc 
i)f iSuccessivc 0])iTiitir»ris fni the Dies Shnwn in Imk-s. 33—44, Tiicl. 


cus.sion relative to the numerous tyi)es and the great vaiiely of a|)pli- 
cation of jmnelies and ilie.s, a .small .sheet-metal part as produeed by the 
Arklin Stami)ing Vn. at Toledo. Ohio, will be flesrribed, .showing the 
suecessive operations on the part and the ilies u.sed. .A imiver.sal- 
joint boot or eover i.s iiiaile of sheet steel in twelve steps as shown in 
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Fig. 32. The original blanked disk is in. diain. and 0.050 in. 

thick. Dimensions of the piece after each operation are shown. 

The first operation consisiis of blanking ami (irawing tlin imii A, Fig. 32, in 
the combination die .shown in Fig. 33 .set up in a No. 75VL* Blias prefi.s. Its aetion 
is as follows: after the .strip steel is iilaeed over the die and the press tripped, 
Llie de.seonding piineh A blanks the di.sk a.s it enters the die ring C. At this 



t'lii. 33. Coiiibinaliiiii Blanking and Drawing Die to IVodiire Bail .1. Fig. 32. 

iiiniiU'nl the upper .suifai'e of the draw ring li i.s flu.‘<h with lliiil ol C. The ilraw 
ring li is .supporled on sining buffers Ioi*a1ed at thi' lowia- laids of Ihe ]diis IJ. 
The blank i.s now held firmly bidween the punch A and the draw liiig, and a.s 



Fii:. 34. Redrawing Die to liicie:i.se Fiu. 35. Second Redrawing Die to 

Depth and Decreiuse Diameter of Body, Decreiu^e Diameter of Body at the 

as Shown at R. Closed End, as Shown at C. 

the piineh eonliiiues to ilesiend. it pu.'<lu‘s (he draw ring and work wilh it. draw¬ 
ing the blank over the fixed idug E. When the inineli ascends, ihe roiupiessed 
buffers expand and ship the sludl from llie plug. F is a knoekoul deviie in Ihe 
piineh to push the shell free from Ihc imneh, allowing it to ilroii on the die or 
floor. 
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The second operation is pcrlDrinnl on a No. 74 Vl< Bliss press in thn dies 
shown in Fig. 34. It consists of increasing the rlp])lli. deerpasing the diameter, 
and flattening tlie flange, as shown at B, Fig. 32. 

The third operation changes ihe lorin to ihal shown al C, with Mu* second 
ri'rirawing ilie show’n in Fig. 35 set iij) on a No. 74lj Bliss press. 




Kiii. 3ti. 'I’hird Hcilrawing Die to IVo- Fio. 37. I'iiial Forming Die to Fro- 
ilucc Fart Shown at D. iluci* the Fart Shown al E. 

The fourth operation ilraws (he shi‘11 still furlhrM’ as shown al D. The die 
show'll in J'ig. 36 was moiiiiliMl on a No. 74U J^liss jness. 

Till' fifth operation is (he final reilrawing and liriiigs Ihe hoily of (he shell 
to the shape sliow'ii at. E, Fig. 32. The die m Fig. 37 was set up in the No. 74'/i! 
Jiliss press. 




Fii;. 38. Die for Trimming Flange to 
lieiiuired Diameter and ('ultiiig ihcTrim, 
iis Show n at F. 


Fill. 3!). Fiercing Die for Piercing 
Eight Holes Spaced Equally around 
the Flange. 


The sixth operation is performed on a No. 84 Bliss press, using the die shown 
in Fig. 38. II. centers and trims the flange to requireil diaineter, as shown at F. 
Tlie plug C r-enters the w'ork, the punch A docs the trimming, and the tw'O knives 
B i-ut the trimmed-ofl ring so it imo' drop off. The finished part drops through 
the die and die-bed into a receptacle. 
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In I Ilf' seventh operation, [mkIH IioIi's m e jiinrnMl aruiinJ I lie Ilangi:' of Lhe 
.shell UH .shown iil F, Fig. 32, by Lhe pioreing die. Fig. 39, as the punches A descent! 
on the work and enlta- cone.sponding hole.s in the die ring B. The stripper plate 
C, actuated by the knockout on the up stroke of the ram, prevents the work 
from clinging to the punches. A No. 84 Bliss prR.ss was used. 



Fii;. 40. Punching Die fur IVinching Fit;. 41. Taj)i‘iing and Wiring tIn* Small 

the Large Miili^ ihniiigh the Small End ICnd, as Shown at f/. 

rif the I’jirl, as Shiiwn a( F. 

In I he eighth operation, I lie i-losed end of I hi* sin'll i.s punelii'd nut by ihi' 
shearing die, t’ig. 40, set ui) on a No. 73‘-j Hli.ss pre.ss. In lids easi* the punch 
(die) B forci's (hi* work down over (he plug (piini-h) C which .shears I hi* work 



Fin. 42. Punching a Fin. 43. Die for Flung- Fin. 44. Die for 
Hole through (he iiig the Hole Punched launching Two Small 

Body, as Shown at f/. in the Preceding Oper- Holes in the Body 

atioii, as Shown :it H. Clo.se to the Flange. 

from the inside. The ring -4 follows the ram on tin* ui) .slroke and strips the 
work from Ihe plug, while (he ii.siial pre.ssiire attachiiienl is shown in the punch 
B for ejecting (he slug. 

The ninth operation sineails or (aper.s the small I'lid and (hen wires (he edge 
as shown al G by the die sliowii iu Fig. 41 set up on a Bliss No. S4 press. 
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TJif tenth operation ruts tlir holr in liu- nf ilip shrll iis shown a( 

G. Fig. 32, by means of the dip shown in Fig. 42 set iij) on n No. 52 Bliss press. 
The part is slipped over the plug -1 ami proiipily Inraipd by inspiling the pin R 
Ihroiigli fiiXi' of the holes piiMi-pd in iIip flange. The slugs drop llirough Ihn 
hole ill the dir. 

The eleventh operation is flanging I ho '-j-iii. hole, as shown .'it //. using Ihp 
dii' .shown in Fig. 43 sci up on Ihp No. 73Bli.ss luess. 

The twelfth and final press operation on llir iiai l pii-n r.s I hr Iwn small hidf's. 
iliamelralb' ojjijositr. Iliruugii tlir Imdy. a.s shown al 7/. Thi' ili[‘s .shown in 
Fig. 44 wei'o mounted on a No. 52 Bli.ss press. 

Compression or Squeezing^ Dies 

(ainipression iir squeezinr; operationg:, slinwn at r to I, y\\r, 45, i’p])rr- 
soiit the spvorest pf all press nporations. The nudal may hr riun- 
prcs.'^tnl hot ween tlie jnirich and 
ilie Iml nr eold. The least 
severe scpii'ezin^ operations are 
the Hiitteninj; or sizing of sur¬ 
faces of forpnj^s, ell’., as shown 
at r. The metal is free to 
flow at the sides. The mg.gied 
knuekle-joint-typc press, the 
ver>' hea\'y-(luty crank press, or 
(he iiyilriudie press is used for 
this work. Swaging, at r/, up¬ 
setting, anil cold forging are 
severe operations in which a 
hlaiik or sing is siiueezed into 
an ajipreeiahly different shajiu 
in a eloseil die. Tin* hhiiik or 
slug is first cut to snitahle shape 
and size and then sijneezed to 
the desired size and form, after 
which it is trimmed. 

In press forging, at / and f/, 
the metal is squeezed to sliapc 
in fast tie-rod frame machines 
with eccentric-type shafts, or 
other heavy-duty types. Press 
forgings usually have a good 
finish and arc close to size. 

Various metals are forged hot or cold by a single stroke of the press. 
In hot forging the jiressurc is reduced to about one-third of that of cold 
forging. Coining represents a severe squeezing operation in which the 


n Skampin, ^ fnbBJAin, 




c Silinq 



Etirvsion |yj 

CourlKHn K. W. BUhh Co. 

Fig. 45. Typical Cumprmsion or Squeez- 
iiig OporatioiiM llluslratiug DilTcrcnccs in 
ihc Freedom of the Malerial or (he Re- 
strictinn of Metal I'luw. 





642 


pui:s.si:s. j’nxcHEs and dies, formed parts 


jnutal is ronfiimr] in rinsed dies anrl foreiMl In flnw sli^litly tn fill the 
ravities of the die. Knuckle-joint presses are usually selected for such 
work on a basis of two to three times the static test load. Extrusion, 
at k and /, is one id' the sevcre.st sf|ueezinfj; operations. A sliif!; is con- 
finerl and compressed and fnrceil to flow rapiilly through an niifici*. In 
extruding tooth-paste tubes, a blank id’ pure aluiuinuni is placed in 
the recess of the die. The punch, beinj!; less in diameter than the die, 
iorces the metal up around the punch as it enters the die. The but- 



Courlf.ay E. \V. BUhh Co. 

4(i. Tlic Opcniliims Hcriuiicd in the Pnidiiclinn i»f Uniss f’jirtridpji* Oiisns as 
l"rrfiiriiu‘il in a Kiiuckli'-.lniiil Pn‘ss. 

tom of the ilie and tlie end of the |)uncli are sliajied to ^^ive the de¬ 
sired form to the lube head. Ironing is an operalion to reduce the 
thickness of drawn shell walls by juisbing them llirou>j;h tight dies. 

A group of operations in the manufacrure of brass cartriilge cases is 
shown in Fig. 46. The ])rocess starts with a blank, after which it is 
cupped. Additional ojierations are then carriial out in sequence as 
shown. The case is ironeil in steps 4, 6, 7, 8, 9, and 10, and the end 
is shaped by coining in steps 3, o, and 11. The center indenting and 
flange upsetting, as well as the wall ironing, arc essentially cold 
forging. 

Materials for Punches and Dies 

The material best suited for making up punches and dies depends 
upon the nature of the work to be done and the quantity to be pro¬ 
duced. Abrasion, strength, and high tein|>eriitures are the princii)al 
factors involved. A great variety of steels are available for hot- ami 
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cold-wurking diL*i<. For ii conijiletc list with specifir heat treatments, 
see MeAdls Handbook. The ty])es of steels used inelude rarbon steels, 
seiuihigh speed steels, high speed steels, and nuinenms alloy steels, as 
listed in Table 1. 

Chroiniuin-phitiiig steel dies to a thiekiiess of ().()()4-0.()12 in. for 
drawing operations is suecessfully employed. Wearing surfaees in 
dies are soiiu'tiiiu s surfaeeil with or huilt iij) with inserts of hard 
materials, siiidi as Stellite and sintereil earhide. 

Dies witli the working ])arts marie of sintered carbide have heroine 
geni'rally used during tlie last few years. They ran be operaterl at 
sjieeds ronsiderably higher than those for steel dii's, up to 1,80(1 strokes 
|)er minute. For blanking, pierring, and nolrhing sheet rni'tal, pro- 
diirtion id' 20-100 or niorr* times (hat obtained with steel punrhes anil 
dies lias been obtained. While (he initial rost is higher, these ilies 
give lower eost jier juere firodui'eil, longer life ol' ilii‘s, anil longer life 
per grind. Also, there is less srrap and greater frei‘dom from burrs as 
the dies' edges remain sharji. ("arboloy 5oA for light work anil 5r)H 
for general blanking work are used, as these nmibiiu* high resistanre 
to wear and impart (see Ainoriatn Harhinisi, Fel). 10, 1949, p. 8oi. 
'The Lineoln Park Industries manufartiire many dies of this type 
whirh are giving su]ierio]- performanre. See Fig. 13. Sometimi's anti- 
frirtion die sets are used whirh have ball- or roller-bearing bushings 
[inil hanleried steel posts assembled with a slight iireloail. 

Kirksite metal ilies as developed for tin- airrraft industry oiler ;t 
fast dii' and stainjiing servire to the automobile, trurk, bus, and trailer 
roarh manufarturers. These are metal dies of low hardne.ss and low 
melting j)oint whirh ran be jiroilured in relatively short time for large 
ilrawings to be imumfartiired in small rpiardities, or for making an 
inexjiensive die in a slmrt time for rheeking the design before |)er- 
manent dies are mnstrurted for mass j)rodurtion. Kirksite dies may 
be chromium jilated to increase their life .“o that several thousanil 
parts may be proilured. The dies are generally used in slow-prodnr- 
tion marhines or in the stretcher pre.«s. In jireparing the die, a 
master male model is prepared from wood, from whirh a female 
plaster model is made. The ptdtern for the female Kirksite die is 
then made in an open-fare sand mold from the |)hister mold. The 
Kirksite metal, heated to about 840'" F, is poured into tin* rtmty to 
form the female ili(‘ serlion. This ran be used as a mold >urfare for 
the lead punch by heating the die to about 25(F F and sprinkling with 
rarbon black after whirh the molten lead is poured into the cavity 
(Iron Aiji\ April 15, 1948, p. 78). 

Die sinking for ilrawing, stamping, forging, die casting, and molding 



lABLE 1. COMPOSmOX OF STEELS AND UA8T IRON USED IN iVlAKINli rUNUHES 

AND Dies, Nos. 1-12, incl., Steels Nos. 13-18 Used 
FOR Making Die Casting Dies* 


N'fj. 


CheiniRal Analynifi, ElnmciitB in Per t'eut 

Proiierties and Uiie 



C 

Hi 

Mil 

I 

H 

(> 

Va 

W 

Ni 1 

!rnj 

1 

Plain carlion tool 
steel 

0.85 

1.20 

0.IJU 

Max. 

Q.ao 

Max. 

11 

0.03 

Max. 





Hal. 

1 

('■niieral light-puriiosi; tool Hteel. 
Shear hladea; iiunches; nnld- 
JrawiriR, heading, and triin- 
ining dicfi. 

ii 

2 

('hromiuiii-vana- 
diiirii tiM)l Hteel 

1.05 

1.15 

0.25 

Max. 

0.3(1 

Max. 

0.02 

Max. 

0.02 

Max. 

0.50t 

0.20 



Hal. 

Hard and flhiM.-k rnHistiiig. Fur 
light-dut.v triuh, ta|JH, puindira. 

If 

Oil-hardp.iiiiiK Hteel 
(Mn ( r W) 

0.85 

U.U5 

0.25 

Max. 

1.20 

1.40 

0.02 

Max. 

(1.02 

Max. 

0.40 

(l.ti0 

0.15 

0.25} 

0.4') 

(i.lid 


Hal. 

Noiidnrnriiiing. Fnr hroanhes, 
hlaii.kiiig, I'nrmiiig, triiniiiiiig, 
and punching din.s, tails, gagiM. 

4 

Uil-har Ji'liijis Hteel 
(Mni 

0.85 

(1.115 

0.20 

11.40 

11.1)0 

1.15 

0.02 

Max. 

0.02 

Max. 

0.511 

o.yu 

0.15 

().25J 



Hal. 

.Nriiidnrnrming. Fnr lirnaehns, 
hlaii.'.iiig, rnrniing, trinmiiiig, 
and punching dicH. 

■'» i 

SfMiiihiKli n|M*fd fir 
hni.ihiiiK hIprI (nil 
hiinlPiiiiiK) 

1.25 

1.41) 

0.20 

0.40 

11.15 

O.ltO 



11.35 

0.7.5 

II. II) 
0.25 

1.50 

2.50 


Hal. 

(iiHid hardiiiffiN laMintralinn. 
['Hcd a.s finishing LnnLs anil 
wnur-rnsisting piiiinhi's and 
ill's. 

Ii 

'ruiiKMli'ii hriL-wiirk 
din Mleel 

U.IM 

11.411 

0.25 

0.55 

11.25 

o.;i5 



3.(10 

3..50 

0.20 

0.40 

8.1)0 

10.00 


Hal. 

High LDUghnnHi!i and hardnnsB 
whnii hnl. lint drawing, hut 
heading, liulldnznr flins. 

7 

iSilii‘iiii-iiiaiiKaiii!Ki‘ 

Htnid 

II.5II 

0.05 

1.50 

2.50 

0.75 

1.110 







Hal 

(irind wearing ijualilit'.N Inr 
I'lu.srLs, puiiniu‘.s, and shear 
liladi'H. 

H 

.\irki‘lH'hruiiiiiiiii 

Htni'l 

0.51) 

n.7() 

II.IJU 

lUiO 

11.114 

().()4 

1.0(1 



i.5:i 

Hal. 

SiiiiinliiiU's 11.311 Mo anil O.IH 

V'a are added. High-duty lorg- 
ing dins.' 

■J 

('r-W Inw-allny 
luiiirh ami p.iiiM;l 

HtBI'l 

0.40 

0.55 

1 


i 



0.50 

1.5(1 

0.20 

(1.4(U 

I..50 

2.01) 


Hal. 

High tnughiiKSH and hardness. 
Fnr light^uty, liol-wiirking 
tiMils. 

111 

HiKh-rurlinii, hiKh- 
rlirriiiiiiiiii Htnnl 

l.5!l 

2.511 

11.50 

11.25 

0.511 

(1.25 


lO.ll 

14.(1 


6 


Hal. 

Very hard and wnar-rnsisiiiig, 
iii)iiwar|iiiig and nniishriiikiiig. 
Dins lor iiiaxiinuiii |irndui-tiiin. 

„ 

Nii-kf'l-rhrniiiiuiii 

I'liot iniii 


! 1.25 

(1.45 

(I.1H 

Max. 

(1.1(1 

Max. 

(1.7(1 

L... 


2.110 

Hal. 

liurgi' liinniiig ami drawing 
ilies. Heat Lreali'd. 

12 

Nii'knl-cliriiiiiiuiii 
I'lLst irnii 

,').i)[) 

1.45 

II.IH) 


I 

II. 011 



3.00 

Hal. 

Very largi^ render iincl budy 
ilie.s, nnl heal trnatnil. Al.sii 
usf^d I'nr high-grade i-ylinder 
lilm'k.s, iiistiiii.s, and ring.s. 

III 

hnw-f'liniliiiiiiii Ninel 

11.45 

ll.llll 

11.75 



0.80 




Hal. 

\ Inw-alliiy .steel lor dii*-i;asliiig 
dll's Inr lead, liii, anil zini- 
alliiyH. 

14 

I'liriiiiiiuiii-viimi- 
iliiiiii sli'i'l 

11.45 

11.25 

0.75 



2.10 

0.25 



Hal. 

\ Inw-allny steel I'nr die-eastiiig 
dii'.s I'nr lead, tin, zine, and 
short runs I'nr aliiiiiiiiuin. 

IS 

1 'hniiiiiuiii-viuia- 
iliuiii sii’i'l 

11.411 

I1.!I5 

0.30 



5.2.5 

l)..5U 



Mn 

n.8.5 

Fur diiM-a-sling dii'.s Tor high 
prnduetion nl' aluniiniiin, lead, 
tin, and ziiu- allny.s. 

Itt 

('hroiiiiiiiii-luiiKNtrii 
lint-wnrk Ninel 

l).:)8 

11.05 

0.25 



5.25 


4.50 


Cn 

o.5o:; 

High-wear re.siNlaiire and very 
giNHl inr die-easting dies for alu- 
niiuuin, lead, tin, and zinn. 
I'air results are obtained Tnr 
l)ra.s.s and liriirize dies. 

17 

TuiiRNtiMi hnt-wnrk 
din Hteeh 

0.28 

0.25 

0.30 

1 



4.00 

0.50 

15.00 


Hal. 

rseil for die-ea.stirig dies for 
brass and bronze. 

18 

TuiiRHtnii linl-work 
din Ntnel.s 

()..15 

0.30 

0.30 



1.50 


12.00 


Hal. 

Ir.sed Inr ilie-easting dies Tor 
brass and brnnze.. 


• Fur liiKh-NpfH.Hl Mtrn'ls, Tnl»li* V'-l. 
t EitliiT cliriimiuiu nr viuiurfiiiMi. 

i Wirli or without thr vunuiliiiMi. Is li inli'iiiiiK ami liiidilj' ris«h<taiit to alira±iion. 

i With or without 0.7U Va, and with or with Mit 0.70 Mo. 

With or without the Co. 
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ilic's i< rlnnp by bubbiuj^ (Iiubbiii^) or nuirhinin^i. In liobinnp, tho dir 
rjivity is iiiiulr by forriiig ii inmrh {\mh\ ot dcsiiLMl shiipt' into tlir hot 
or mill die motal. MMfliminfj usunlly involves duplicating machines 
operatiMl manually, hydraulically, electrically, nr pneumatically. 
Tlie cutler, usually of the end mill tyj)e, machines from the solid die 
block while a inlot or pointer traverses the contour of the surface of 
Ihi- temi)late or inotlel; see Fig. VIII-21. A wiile variety of tools is 
rer]iiired for finishing the surfaces id‘ ihe dies. These consist of chisels, 
hand files, scrai)ers, and soliil and coaled abrasives. Electric- or air- 
liowered portable tools llri^■e these tools such as steel burrs, rotary files, 
small end mills, small mounted ainl replaceahh* grinding wheels. ciwite«i 
abrasive wlieels. samling drums, polishing and wire l)msh wluads, all 
made up in a wide variety of siz(‘s ami shapi*s for the various classes of 
work. These are used to finish the lie landlies as shown in P'ig. XV’-ll, 
ill order to proviile a smootlme.ss of surface which will jiennil long 
wear of the die and at the same tinu* give tin* jiroper siirfaei finish to 
the work (‘‘Die Sinking for Drop Forging," .John Mueller, Steel 
Proressiny, June, 1949, ji. 301). 

Materials Worked in Dies 

There always (‘liters into tin* use of di(‘s a certain amount of .set¬ 
ting, trying, ami relie\’ing to g(‘t smooth opi‘ration and a satisfactory 
product. Tlu‘ propi‘i-lies id’ the material being workeil and tlu! 
lubricant used gi-eatly influence the action of the die. 

Metals of practically all tyjies, including aluminnm, brass, bronze, 
coiiper, magnesium, st(*el, and zinc, are cidil rolleil into shei*ts or strips 
to be punched, lient, stamped, drawn, ami formeil into jiarts. Metal 
having a low elastic limit comiiared with its ultimate stri’iigth is ile- 
sirable for deep drawing. This duclility is present in the steels of 
lower carbon content. The most-used .steel for deep-drawing arnl 
extra-deep-drawing ojieralions is a low-carbon oi)i‘M-hearth steel with 
0.05-0.08 per cent carbon and 0.25-0.50 ])er cent inangani'se. 8AF 
1010 stt'cl is used for light drawing and stamping work. 

This low-carbon steid is inamifactured in two varietie.s, strip and 
she(‘t. Strip usually i.s profluced by the continuous rolling jirocess in 
A’ariou.s gages up to 0.250 in. thick and up to 24 in. wide on two-high 
mills. Sheets arc wider and rolled in four-high mills. Both sheet 
and strip are reduced hot or cold. 

In cold reducing, the metal is hot rolled to within 35-50 per cent 
of final gage. It is then pickled and cold reduced to within Y 2 -I 
per cent of final gage, normalized, box annealed, and then given final 
cold-rolling skin passes to produce correct size, proper stiffness, and 
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gijofJ surface, and in prevent stretcher strains in drawing. Stretcher 
strains are lines nf depressions or elevations which destroy the sinontli- 
iiRSS of the surface, ('ostly polishing or spinning oi)eralinns are neces¬ 
sary to remove* them. Tlie higlily finislied surl'ace proiluced by cold 
rolling will take plating with very little polishing and buffing. 

Sheet and strip for less exact work are made by the hot-reducing 
j)roc*ess. The material is reduced to within %-l pei- cent of final 
gage on the hut mill. Alter normalizing and box annealing, it is given 
eold-rulling passes to “ t(‘inper.” This temjier previuits stn tcher 
strains and gives the necessary stiffness for the desii'ed type of drawing 
oj)eration. 

Steels of this type arc manufaeturcfl in several tempers wliieh indi¬ 
cate the ductility ami fh‘gree id‘ harrlness nv resistance to bend, as dead 
soft, skin roller I or ])hinisheil. Vi haril, ‘/o hard, and hard, rlepending 
uprni the amount id' cold rer bird ion through the rolls. Tin* hanlness 
Rockwi‘11 “ B ” of rlead sid't is uiiiler 55 anrl of hard over 80. See 
ASM Mrials JJaadhook. For liigh-fmish auto-body work and most 
deep- anil extra-di‘i‘p-ilrawing jobs, tin* material is piircliaseil on a 
basis of satisl'actory j)erl'urmanre, the actual running dies being con¬ 
sidered till' bi‘st trusting machine. The |)ractice of producing the satis- 
I'ai'tory stock is h'ft to the mill. 

Both sheets ami strip arr* rolleil to ilei-imal lliirkness. The thickness 
of sheets is sometinu's imiicated in V. S. gagi* sizes, anil strij) in 
Birmingham gage sizes, but both always slnndd he indicated in 
deeimals of an inch. A No. 19 V. S. gage sheet, 0.0437 in. thick, of 
good deep-drawing steel, would have a Rockwell hardness of li-45 to 
52, a tensile strength of about 45,000-52,000 psi, a yielil point of 
28,000-34,000 jisi, and an elongation in 4 in. of 33 per cent. These 
values are increased as the hardness is increased; the harder.the steel, 
the greater will he the spi'ing back in the die. Also, smaller clearance 
between the drawing juiiich and die is reiinireil. Die trunhli* caused by 
hard sheets or strips or by work liarileiiing between ojierations may be 
overcome by annealing or normalizing. Normalized steel appears 
stilTer, but has excellent drawing properties. 

(add-rolltMl steel slioulil be purchased on a basis of weight required, 
width in inches, length in feet, and thickness ex|nessed in deeimals of 
an inch. Tolerances in width and tliickmvss sliould be indicated and 
the type of edge desired or permitted. The nature of the surface 
desired, as bright, extra bright, nirkel plate, blued, tinned or leaded, 
hot or eleetrogalvanized, or eo|)pered, should be sp(*eified. It should 
be specified further whether this material is wanted in continuous 
coils or in flat strips in 6- or 8-ft lengths. 

Tensile strength, yield point, elongation, Rockwell hardness, and 
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tht' (li'pth of fup as iletorniiiuHl on tlu* Tiniu< Olsi'ii iliirtiiit}' tpstor 
are tlu* U!?ual fartui\s whirh evaluate drawing quality of tJlieet and 
sitrip. A fine uniform grain, as sliovvn by plmtoinicrograpli, also is 
desirable. 

The Olsen ductility tester is used as a means of checking the work¬ 
ability or ductility of the metal sheets. A specimen of tlie sheet nr 
strij) iipiiruximately 3*^ in. sq is clampeil between two ilies. A henii- 
s]dH'rically endeil pnnr’h or steel ball forces the sheet through a die 
until fracture oecius. 'I'he thickness of the siiecimen is measured, 
thi‘ depth of draAv at the time fracture occurs, ami the load for any 
dejith of draw and at destruction are reconleil. The depth of impres¬ 
sion retpiired to cause fracture is read ilii-ectly from the micrometer 
scale and repi-(‘sents the rhielilily value of the metal, 'hhe test also 
imlicales tiie naturi* of the fracture, whether it runs around tin* dome or 
whether an umh'siiahle previous fracture in oin* fa*rtain dir'‘flion is 
noticeable. It also imlit’ates wludher a smooth dome may he ob¬ 
tained. Ty|)icid depths of cup \'ahi(‘s at the point of fracture for a 
No. 19 U. »S. gage (U.0437 in.i soft shecd 3 V :2 in. stp as tleterniinefl by 
the Olsen ductility tester, are as follows: 


Di’f'ii-drMwirn!: slfcl 
ICxll M-llfM'p-lll ilwillt; si IT'I 
Mini lilllll'll sIllM'l 

Aliiiiiinuiii 

brass slamiMiitf siient 
('ijliiu'r 

Ziiif sliiu'l 


10/) nini 1 ) 1 - 0.4la in 
11.0 nun nr O.liU in. 
Steel 10.1 mil) nr 0.1107 in 

10.2 mm nr 0.402 in 

14.3 mm nr 0.503 in. 
12.0 mm nr 0.172 in 

8.2 mm nr 0.323 in 


These valu(‘s increase along a .smooth eurve for greater values of 
ihiekiiess anil ileerease for lower values id’ lliirkness. 

Stainless steel ean be formed or drawn to a murh greater extcait 
than ordinary steels, altlmugii imrinal cutting and funning operations 
are mon- ilifliriilt and costly on slainless steel. The rlies anil presses 
shouhl he mure ruggeil and jiowerful. When stainless .steel is sulisti- 
tnted for ordinary si eel in the same dies, slower operating speeds mu.st 
be used. Clearance for stainless steel bi'tweeii tin* puneli and die 
shouhl be al)out one and one-half to two times that allowed for 
ordinary open-hearth steel or brass. Tlie allowance for s])ring back 
shouhl he two or three times that orilinarily used. 

Stainless steel strij) in the form of 14 jier cent chromium, 17 ])er cent 
chromium, or 18 per cent chromium 8 i»er cent nickel, in the soft tem- 
j)er, ])L*rmits ileeji drawing, bending, anil forming without ex|)ensive 
annealing and jiii-kling oj)eratioiis. The finish is such that many j)arts 
can i)e biifl'eil without any jiolishing ojicratioirs, or in some eases 
lumhled to give a l)eautiful |)ermanent luster. 
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Aluminum 4S cold-rulled sheet is furnished in various tempers a? 
soft f annealed I (0), 14, Mj, and full hard. These vary in tensile 
strength from 26,000 for the soft to 40,000 psi fur the full hard. In 
funning alloys of aluminum, the chief requirement seems to be that 
the tools will permit a suitable radius for bending and drawing. The 
radius varies with both the grailc uf alloy and thickness of the sheet. 
Rounding sharp edges and highly i)olishing the surface uf the dies are 
essential. 

Magnesium metal, known as Dnwmetal, having a tensile strength 
uf 33,000-40,000 psi, a yield ])uint uf 15,000-25,000 psi, an elungatitui 
of 10-20 |)er cent, aiul a Rrinell hardnc'ss of 54-62, can be furiiieil ciihl 
lu a limited extent, using a tallow or soap lubricant, or eolluidal 
graphite in carbon tidraehluride. Cold bends can be mafli' annind 
very small rariii. Sharper bends and tleep-clrawing u])eratinns must be 
dune hot and with heated tools, preferably using annealed stuck 
at from 400 tc) 500 V. A clearance uf at least 0.008 in. is necessary 
{The Iro7i A()e, Feb. 19, 1948). 

CunmuTcial brass, bronze, and copper sheet are cold rolled to tem¬ 
pers as fidhnvs; V*, Vi*. % hard, extra hard, s])ring hard, extra si)ring 
haril; and in light drawing, and soft drawing annealed sheets. See 
A)nerinin Marhinist, Sept. 26, 1934, p. 677, fur composition and use 
of SAE brass and bronsse alloys. 

The light annealed material is used for shallow drawing where the 
material is to be [)(dished afterward. The ilrawing anneal is used for 
deep drawing where a good surface is desired. The soft drawing an¬ 
neal is used for the deepest drawing work where more than one rhaw¬ 
ing and anm!aling operation is reciuired ami a sjuooth surface not 
essential. One-(]uarter hard common brass will bend Hat on itself 
across the grain, but only about 150 deg ahing the grain. One-half 
hard brass will bend in either ilirection about 80 deg with a rounding 
bend, and is used where both tenn)er and bends are required or for 
fiat work. Extra-haril material will bend across the grain about 60 
deg and along the grain about 45 deg, and is usetl where sjiring jiroj)- 
erties and sliglit bending are rerpiired. Spring brass will bend across 
the grain at 60 deg, ami is visiA for spring work. The radius to which 
the juetal is bent and the thickness of the material will affect the 
residts obtained. 

Speeds for Drawing 

E. V. Crane* specifies that brass can be drawn on steel at speeds of 
the |)ress craiikpin up to 2.000 fpin. Steel may be drawn on steel at 
35-60 fpm. Stainless steel is drawn at slower speerls to reduce the work 
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liarrleninjj; anH to piTinit (Ua'i)i‘r (lra\\\s. .Ma^iiesiiini is tlrawn at slow 
speeds nf 7-17 fpin. the lower speeds hein^ used on the thirker stoek. 

Lubricants for Work in Cutting and Forming Dies 

Lubrieaiits foi‘ cutting and forming are desi^iual to preveiii the 
metal from sticking to the die or seizure l)etween tiie work and tool, 
to assist the Mow of metal so as to prevent scratching or hreaking, and 
to give niaxiimiin life of tlu‘ dii- by nalucing abrasion and the de\'elop- 
nuait of lu'iit. 'riie nature of the lubrii*ant di'pemls upon (he type of 
dif ojieralion, that is, whi'ther it is culling, lighi drawing, or heavy 
or deep drawing, and upon the nature of the malerial as to whether it 
is soft and sticky, hard and brittle, etc. 

Cutting and diawiiig lubricants are a|jplietl to the sheets or strip 
by the use of a brush or swab, felt pails, spraying, ilipping the slu'ets, 
oi‘ passing the strips bet^^•een rolls which carry the lubricants to the 
sheets. Tht‘ bitter iiielhiid is most economical and usually lounil sat¬ 
isfactory in ih.at a uniformly thin coat covers the sheet, which may 
disai)pear comphdely ihiring the drawing oi)era1ion or \^’hieh is easily 
removed l)v a wash aflerwanl. The swab or brush is sometimes 
desiiaal to ai)])ly the lubrieiint locally, 'riie ease of nauoving the 
lubricant from the jiart after the operalion is an important factor in 
its selection. 

In the past many maleiaals have been used to lul)rij‘ale ilies. VWv 
distinct tyi)es id' culling and drawing lubi*icanls aie in general use. as 
follows: 

1. AA^ilrr r'lindsioiis of “snliible oil.” 

2. “ Siiliil)lr pii.siic’' wiili wali'i-. 

I'i. JUaiii fixcil and iiiiniMid uil>, or I'oiipiiuinilcil oils. 

4. Figiiiciit. lubi ieaiils. 

5. Sulpliurizinl or rldurinalcil nils ami li.-ises. 

Most cold-drawing lubricants are pre])arefl in the form of emulsions. 
They consist of soaps or saponified oils niixeil with fats and mineral 
oils. See chapter on ('nfting Fluifls. The soap base id' the Inhricant 
is of peculiar iiiiporlance. It is only by means nf emulsification that 
the unsaponified oily ]iortion can be dispersed uniformly tlirougliout 
the soapy materials anil the water and be maintained in that condition. 
The suspension of any solid material is more readily accomiilishcd and 
the compound is readily prepared for various oi)erations by water 
dilution on the part of the users. Pastes are similar to soluble oils 
but are used more often as a jelly, and as such retain solids such as 
chalk, sulphur, and graphite in more uniform suspension. 
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AlMny lubrirants r()n.si.sl nf uasily prouuriMl oils of the fixeil unrl 
mineral type. Plain mineral oils rlo not possess jihysical properties 
such as film strength anil aiihesiveness to permit their extensive use. 
Natural fats of niitsLandinij; merit are beef tallow, ile;;ras or wool 
grease, lard oil, and eastor oil. Heef tallow and castor oil are com¬ 
pounded to give very favorable ju’operties as a drawing lubricant. 
Both have a high film strength or ability to keep two metal surfaces 
separated under pressure. The film strength of castor oil is very 
high comi)ared with other oils ami greases and it has a low coefficient 
of friction. The wetting jiower or ability to si)i‘eail itself on the metal 
nf castor oil appears to be higher than that of tallow. To increase 
the film strength of the liipiid or iniste lubricant as reiiuireil in heavy 
drawing, oily soliil lubricating imperials are introiluced up to 20-35 
pi‘i“ cent as pigments. Th(‘ function of tin* soliil is to maintain the oil 
film on the work and prevent seizure through metal-to-metal contact. 
Natural calcium carbonate (chalk) is th(‘ mosi common solid so used. 
Other solids, such as lead carlumate, lead oleate (lead soap), zinc oxide, 
barium carbonate, lithopone, laic, and gn:])hite, ai*(‘ addeil to give 
flesired characteristics, it is by chemical treatment of these fats and 
solids thrmigh saiionification, sul)dionation, and (auulsification that the 
favorable characteristics of each are combined. 

A lubricant of a light mineral oil containing up to 4 per cent active 
sulphur j)ossesses favorabh; |n‘oj)erties for resisting imdal seizure nr 
pickup. Fixed oil bases may be made to contain u|) to 10 per cent 
active sulphur. The heavy dark base may be used as such or ])lended 
with a light mineral oil to reduce its viscosity. 

Cutting dies: For light work in cutting ilii'S, emulsions of soluble 
oil or soap paste are very generally used. W hen punching brass, cop¬ 
per, or (lermaii silver, a thin coat of lard oil or sperm oil is sometimes 
s|)read over the sheets before punching. These lubricants are expen¬ 
sive and are used only when necessary to |nevent these soft m(‘tals 
from sticking to the dies or [mnches. Sulphurized oils are also gen¬ 
erally used to cut lough and ductile metals such as steel, stainless steel, 
and JMonel, AVhite lead softimeil with mineral oil is sometimes used 
for cold punching steel. The lead carbimate often is replaced by learl 
oleate, which has a superior film strength, is le.ss soluble, and is thought 
by some to be less likely to cause lead poisoning. The use of lead in 
any form should be av oided because of the danger of luiisoning by ab¬ 
sorption tlirough the skin, by being conveyed to the mouth on food or 
tobacco by lead-smeared fingers, or l)y breathing in air containing 
lead dust or fumes (see Industruii Poisons in the United StnteH, by 
Alice Hamilton, The Alacmillan Co., 1925). W'hen cutting aluminum. 
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the sheets are often thinly cnaterl with kerosene or an emulsion 
containing kerosene. 

Shaping dies: Emulsions ol soluble soaps and oils, useil straight 
or when fontaiiiing graphite or sul])luir. are inexinaisive and may hi* 
found satisfarhny on most cutting and drawing operations. They aic 
used extensively on light-gage drawing work. For heavy-duty draw¬ 
ing where seiziin* id' the work to the dies is a danger and where re- 
sislanee to wi'ar is ol iinporranee, such as on steel and stainless steel 
and iron, low-viscosity sulj)liurized pctruleiim oils are frequently used. 
lh‘avy sulidiurized base oils lihanleil with various projjortions of light 
iiiiiieral oil an* usimI most giaierally. In drawing steel shells, a thin 
mixlure of gn‘ase and white h‘ad or leail oh‘ate is idlen iiseil. Caleium 
carbonate with giaphiti* and maehim* oil has given very good results 
for drawing ileej) jians in one stroke. 

For drawing stainles.s steel a heavy luhrieant eonsisting of white 
haul thinneil with linsiaal oil also is used. KrtMiuenlly 5 10 per eiid 
of flowers of sidiilmr is addeil. ^^’hiting or lilhopone may be substi¬ 
tuted for the lead. \\’irue lead and east or oil ai’e exeellent for deep 
drawing. 

The luhrieant plays a very important jiart in the sm-eess of tlie 
operation of rirawing or stamping aluminum. The best hdirieant is 
mutiuii tallow nii.xed with a small amount of light mineral oil. J.aril 
oil or \'aseline also gives good ri‘snlts. 

A higli-flash-|mint mineral oil or mixturi' id' e(|iial |)!irts of beeswax 
and tallow is used in drawing magin‘sium idloy shei't. 

In working sheet hiass and other soft mi-tals. enmisions id' soap are 
used. Fur drawing zine, boiling soa|i suds give good results. 

Forging dies are best hd)rieated with a iire])areil luhrieant contain¬ 
ing grajihile. ^^'as^l‘ oils are .sometimes used. The luhrieant is aj)- 
plicd with a swab and spn*ad with an aii* blast. After forging, the 
scale is blown from the die with an air or steam blast. 

Spinning 

There are two priictieal ways of forming pieci-s of sheet metal into 
hollow cylindrieal or conical articles: with ilies and by siiiiming. The 
chea})er and better method of j)roducing work of this class in r|uantities 
is by the use of dies, as outlined aliove. There are many cases where 
it is impracticable to follow this course, ^^’lien the production is 
small, wanted in a few ilays, oj- .‘^uliject to change in design, steel dies 
are too co.stly, and spinning is resorteil to. {Spinning often is used to 
smooth out wrinkles formed in drawing operation.^, t^i‘t‘|uire a fine 
finish, or continue the forming beyond that produced in the die. 
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A special form of lathe has been developed for metal spinning. It is 
of rigid construction with no back gears or lead screw, but fitted with 
a driving headstock, freely rotating plate on the tailstock, and tool rest. 
The tool rest may be of the T form for liglit wtjrk with hand tools, or 
of the meelianieally controlkMl compound-rest type. 

Spinning latlies may ))e used for smootliiiig, necking, bulging, bur¬ 
nishing, trimining, wiring, or beading shallow or dt‘e])-drawn shells, 
pans, pots, reflectors, etc., of steel, brass, copper, aluiniiiuin. tiji, zinc, 
etc. Examples of .spinning work are shown in Fig. 47. The metal 
blanks or i)reviously formed parts are held between the wood form or 



riftj. IN5IDC SPINNINQ BULOINB FIB. 4. OmCT SPINNINB FOB NCDHINC 

Courttsu E. W. liliHut Vo. 


Fill. 17 . llhislriitinii.s of Vjiriini.s Opcriilion.s IVi rininiMl dii m Spinning Lalhe. 

1. S|>iiiiiinc mill biimifiliiiiK tin* uf a ilrmvn nip. 

2. UiitiiliiiK (riiinniiiK nittirrs pnipiTly iipurutnl In In- riilliiwiMl tij' thi* wiring mil. 

:i. I'linii mil iiNi'il riir iiisiilr .spiiiliiiiK iir liiilKiiiK npiMuliun. 

4. S1il;1I.s, lir.sl ilriiwii NtraiKlil, iiri' IiiiIki'iI mill tlii'ii im-kiMl fnr pmpiT i-iiiiiiiiir. 

ehuck attached to the lace i)hite on the heailstoi'k spimlle, and the 
rotating phili* on the tailstock siiindle. The ehiicks over wliich tlu^ 
work is spun or worked are usually made ol hard wood and can be 
pro'lured (piickly at little exj)ense. As the work is rotated at high 
speed, it is gradually worked to the shajic of the chuck or form roll, 
using hand tools consisting of steel bars terminating in an upset 
polisher! hall or formed end, or burnishing rolls. Fig. 47. Sjiinning 
chucks arc somidlines built up in sections and held togetlier by rings 
so they may he taken apart to be withdrawn from the finished work. 
Siiiiming recjuires a high degree of skill ami is hard pliysical work. 

S|nnning is done commercially at surface speeds of 600-5,(M)0 .fjnii 
on sheet metal up to 0.125-iii. thickness. The low speeds are generally 
used on work diameters up to 4-6 in., 1,500-2,500 fpin on diameters of 
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It) 14 in., and 3,000-5.000 fimi on diametors up to 4 ft. Tlio s|)t‘eds 
may bo incri'as?iMi for tliimiLT stork. Brass and almniiiuin may bo 
fonuod at .spooiis slightly higher than tiioso for zinc*, roppor, and silver, 
iron and .soft stead at slightly lower .speeds. Stainless steel whieli 
work-hardeiis innsl bo worked at still lower speeds. 

Lubricants in the form of beeswax or soap shmild be ndibed fro- 
cpuaitly over the work as it is being spun. Lard oil mixed with white 
leail is a good substituti'. T\ithc‘r mill ton or becd’ I allow ajiplii'il with 
a cdoth swab is good on most metals. la*ad oleale is sometimc's iiseil 
to replaeo rhe white lead or tallow. 

It is neeessary often to anneal the melal at various slagivs of the 
proeo.ss. After being annealed, the metal should be jiiekh'd to remove 
tile oxide or scale from llu* surface to prevent pitting in the* linished 
wuik. ,S])nn work ran be* finished smooth by skimming or shaA'ing 
till' outi‘i‘ surfai-e to nanove all tool marks. 'VUr work tluii eain be 
tinished by jiolishing and buffing or with a burnishing tool. 

QUESTIONS 

1. W’liJit is nu'iml hy a ]m('ss? 

2. lliiw (li)f's .‘I iiieclijiiiii-ally (mI jmi'ss ililTi'r from a ]iyilr:ii.ilir:illy ojiei- 

Mlf'il |)ii‘ss or ji forging pri'ss? 

3. is mi'Miil l)>' a fiirgiiig pii'ss. anil wlial ari* >oiiii’ of tin- lypi's iiscil 
for forging? 

4. U'IimI is iiM'aiit by a siiiglr'-. doulile-, or triplo-arlion pri'K><? 

5. Explain eai'lr of llo' sf\frjil w.ays that power may he iippliral to llif* ram 
nf I lie press. 

6. ^^’llal foe tl'f priniipal types of 1-1111 rlies nseil on mi-ilianieally npeialeil 
presses? 

7. Name anil ilesi-rihe sevi'i al types of si oek-feiMliiig meelianisms. 

B. W'liat is nieaiil l»y a knorkout fur a power pres.'^? 

9. VVlial is mi'ani hy fi ]iressiire alt:irlmienl on a ilie? 

10. Wliat is llie arlvaiilfige of the variahif'-ileliviry |Uimp mellnal of oiieifiliiig 
hydraulii- jiressns as i-iim|i:iri‘il Avilli the firriiimilalor sysleiii? 

11. Wlial is meanl hy a ininrh fiin! ilie? 

12. Wlial is meanl hy an inveileil ilie? 

13. AA’Iial is meant hy a Imlsler plale, find how may il hr' pri'iiareil in far-ili- 
iale inien-liangealile slanilfirrliziaJ die .sets? 

14. What are the two general i-la.sses of flies? Desi-rihr' I hi* use of eaeh. 

15. Wlial is inefini hy the angular relief of a piiiieh and die? 

16. AA’hat is meant hy the radial elearaiiri' of a inini h ami rlie? I'^xplaiii its 

relation to thri size of a jiart proilin-erl hy imnehiiig or blanking. 

17. Cla.ssify shaping dies. 

IB. Of wliat materials are rlies rnaile? 

19. AVhat is meant hy: (n) n plain blanking die? (h) a follow die? (c) a mul¬ 
tiple or gang die? (d) a eomiiound rlie? (e) a rninhinalion die? 

20. What is ini'aiil by a brake and how ilor\s it diffr'r from a slufar? 

21. For what purpose.s and under what conditions is spinning done? 
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22. Kxplfiiii llic ililTr'ioiirp bntwnnn a prnsfi and a kniii;klD-jnint press 

as h) frinslnii'tinn iind use. 
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CHAPTER XVII 


THE QUALITY OF SURFACE FINISH 

Most specify tliiii ccrtiiin siirliwi's of inoliil 

pai’ts bi' fiiiisliiMl. In few are the ini*thoiIs of fiiiisliiiin: inili- 

blit more anil more eoinmonly llie riuiilily of tlie siirfaee is beiii^ 
siieeificil. 

Surface qualities, by ilefinilion. are the physieal rharaeleristics of a 
boiniflary which separates snliil substances. These i|iialilies incliiile 
such factors as the ^reoinetry of the surface in three ilimensious, crystal 
stiucturc‘. ai)pcaraiici‘, cnlor, resistance In cnrrosinu. hanbiess, ami 
size ami shape of surface Maws. Stamlanls of surface quality nn\\ 
ileal particularly with the geometry of the surface ileviatioiis from 
tlie nominal surfaia* Icylimler, Hat, sphere, etc.l. 'Fhese ile\’iations 
are of three kinds: surface flaws, \vaviuess. ami roughness, all three 
of which can be s])ecifie(l in inches. Surface flaws are occasional 
irregularities, such as a sciaitch or sla^ inclusion oi' blow holes; waviness 
consists of widely spaced irregularities, such as wiih* feetl marks; anil 
roughness consisis of finely .spaced irri%mlarities within the waves, 
which determine what is usually called the “ finish ” nf the piece as 
shown in i. 

The ASA Stamlard sjiecifies roii^lmess as the average devia¬ 

tion from the nominal siirfare rd' tlie finely spared hills ami valleys as 
a measure. Normally this hei^^ht is ex])re.ssed in microinelies imil¬ 
lionths of an ineh I across the surface in a direi'tioii to ^ivv the lar^;est 
readiii;!:. It is reeM^iiized that this avera^^e height of irretnihirity is 
by no iiiean.s a eoiniileti* speeifieatinn of tiny surfaia* ami tliat infornni- 
tion as to thi' cliaracter of the irrejiularilies, waviiiess, flaws, ami 
other surface tpialities must yet be determineil. A jireferred .set of 
rousbne.s.s classes with ap])riipriale .symbols whicli ranj;e from to 
63,000 iiiieroiiiches, r.m.s. avera^re, is rouiihly as follow.s: 

(ri) V 1 -V 2 micrnini'ii, r.iii.s.. riivcrs highly liippcil and jjalisluMl fiin.'^lics used 
largely fur laboratory work. 

1—1 i;ovf‘is A'ery fine fini.sliin^ nj>i‘ialion.s, sucli a.s fine ^l imlin^, liDiiin^, anrl 
lapping when dune with Uil* great i*.sI care, for 111 ea.siiring iiLslrunieiits, gagps, elr. 

(c) 8-32 covers fine-fjni.sliing operation.? geniMally having a shiny appi-aiann- as 
produced by diamond or ainLeied-cai’biile turning, good fiiii.sh giimliiig, averagi* 
honing, etc. 
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(ri) 63-1 IKK). lliL' lowiM- i-dvith jivi-iTigi' turning, luiring, shaping, anrl 

fjiilling uju'i'uliun.s. 

(r) 4.000 63,000 fnver.s Iho surfare of rough i*asting.s anti rough-niar/hining 
operali(m.s. 

TVie lay (if :i .siirfaci! refers tii the iUrL‘ction nf the iirerlnmiiiant 
surface niiirks, from the line representing the surface as oVi.served 
visually. Certain symbols are used to indicate the lay direction in 


Typical Flaw^ 
(Scratch, etc.)^ 



Lay (Direction of^ 
Predominant 
Surface Pattern) 


Wfviness-^ Roughnsss 

Width / Heighth, n nn? - Waviness Height, 

j j--1 micrDinches inches 

r.m.s. —►eS ^ -Lay Designation 

\ ^.005 Roughness Width, 

__ inches 

Surface 


Wavines^ 


Height 
Roughness Width 


l''n;. I. .A Sketch liuliciitiiig Flaws, Wavinuss, Itmighncss, aiiiJ Lay of Surface 

Qusility. 

Al till' riKlil lix' Mtitnilard Hyiiilnil fur iiiiiii'ailiim iMiirli nf tlii‘.si‘ with ri‘.s|iiMd lit tlu‘ HiirfKiM; in nIiuwii. 


relation hi llie liouiidary lin(‘ of the surface in connection with the 
surface nuighiu‘ss numher. For exitmiilc: inilicatt's that lhi‘ jire- 

ilnminanl marks due to feed as iniulueed hy tinning, shaping, planing, 
and milling are parallel to the edge of the surface indicated; ± indi- 
cales iiredominant marks perpendicular lo (he houndary line of the 
surface, as I'or turning, slab and face milling, surface grimling, etc.; 
\ indicates that the jiredoininant marks are at an angle as for side 
milling; X indicates predominant marks in two ilireclions as in 
honing ami lapping; U imlicales ajijndximatcly cirruhir \'isihle ])at- 
tiTiis as in facing; \{ those a|)proximately radial as in lilanchard surface 
grinding; and M indicates multidireclional marks, such as those 
obtained in multiple motion laiiping and honing. 

The method of apidying these symbols is indicated in Fig. 1. Al 
th(‘ ujiiier right corner ol' Fig. 2 the 63 microinchi‘S, r.m.s., is obtained 
on the cylindrical surface having (cylindrical turning f(‘ed marks. 

The lower the tolerance jdaced on a surface, the higher the (piality nf 
the surface must be. Suggested tolerances ami associated surfaces in 
microinches, r.m..s., in part'iitheses are as fnlloAvs: 0.00001 (1-2), 

0.0001 (3), 0.0002 (ol. 0.0005 (101, 0.002 (50). 0.005 (100) and 
0.010 and over, no consistent relation. The waviness height due to 
defieetions, hard sections of the work. Haws, and the roughness width 
due to tool nose radii, are to be measured with the dial indicator or 
similar instrument. 
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E(]uiiinn‘nT for miwu-^uriii^ or rating sJUirat'ivs is of thu following 
typi's: 

1. Frofili' riToiik-rs ilraw an L*nlargi*il grapli nf tlu* artiial surface 
|)rnfili‘. These are lahnratnry iiistruineiUs. 'flie Protilograph, dc- 
velnpeil ai the rniversity uf Michigan, uses inin-Drs. lenses, and a 
liglit beam. A small siteciiuen is drawn niuler a |>uinled diainonii 


0.0005 



I’lU. 2. A Drjiwiiij!; uf m IVirt tn Iti* Xbiinitiii'liiri'il. Slinwiia? Mrllioils uf .Applying 
I 111* Syinhtils for Siirfaci* 


attached to a niirmr. A beam ni' light is r(‘Meciefl by the iimving 
mirrer anrl its path is plintngraplied tn give a Inii’ cimtiair dT the 
surface as illustrated in Tig. T Tin* curves may be reduceil tn r.ni.s. 
values.^ 

2. With a Profile Microscope, s(*vcral arrangiMiients of micniscopic 
observations with special illumination may he imuh’ to enalile surface 
lirofilcs to be observed rlireclly.'' The small area involveil and the 
lack of a definite reading are limiting factors. 

3. The Profilometer is a portable nietf r " which takes an automatic 
running avi‘rage of the height of the surface irregularities and indicates 
this average in iiiicroincln*s. r.in..s.. directly on a meter. The instru¬ 
ment i.s self-contained and finds direct aftplicalinn in the shoj) a.s well 
as ill the laboratory. The instrnnienl is illustrated in Fig. 4. Regard¬ 
less of the smoothness nf the piece, a tracer tip radiu.? of 0.00(15 in. is 
:ulei]uate. The Profilometer Rearling Reconlcr is available to chart 
the Profilometer reading. Thu Proficorder, a mechanical-clcctronic 



1. RnuKh-bnred rn8t-iri)ii 
cyliiirler. SUUV X 30//. 





2. Fini.sli-bnrpri naHt-inin 
ryliiiiliT. riOOV' X 30//. 



■/ 


3. I'iiiish-riMiiiipil rast- 
irnn I'ylmdrr. ."jOlir X 
30//. UNI r iii.H, 


4. Fit[‘i--iiiilli‘[| lipuil Ilf u 
i'n‘'l-ir III i'\ liiiilprlildi'k 
rioor X 30//. 



Hrniii'liiMl liriifiKr Inisli- 
in|£ in aiifiiiiuiliilp [’ini- 
nri’tinif mil iiu-a.sureil 
r I r r 11 III f p r [> n 1 i a 11 y . 
l.OOOrx 311//. ITr.in.H. 



6. TiiiiKstpii purliiili* biiri'il 
rpfriKPnitiir I’asl-imii 
pyliiiiliT. LMMHM X30//. 
K.'i r 111 s. 


7. ri'friKPratiir i'hhI.- 

iniii i-> liiiili'r iiftiT iliu- 
iiiiiiid liiiriiii;. 2,(NI0r 
X 30//. 




8. Hiiiii;h-hi)npil niiliimu- 
bilp Piist-irnn rylinilnr. 

X 30//. ‘ 

0. Mirnir-Iiiii-sliLMl miln- 
iiiuliili* I'lLst-iniii pyliii- 
di’r. 2.(MM)r X 30//. 


10. A viT.v finply cniiind 
airrnift stppi ryliudfr. 
•/.IKKIF X 30//. 



11. A iiiirnir-fiiiiHlipd air- 
rraft itppl PvliiiiliT. 
LMHMJl X 30//. Sr.iii.a. 

Couiluafi E. J. AbiHAtl. 


Kiib 3 . ('iirvL*s liuliniliiiK llu' FiiiLsli IViidui'i'il liy Vlll-illu^ ]*i'iii'L\sst‘S :i«> 

UiTDi'ili'il 1)11 [\w Fri)iili))cnil))i. 

Tilt iikHKiiiriPuliiii) vLTlii'iilly hihI hurixuntnlly in iihIiphIihI fur parli i-iirvf. For tliL* 2,000F, 1 iu. » 
0.0005 ill., lUid fur the 30//, 3 in. • O.KN) in. TIip utluT mpbIps ure in prupurtiuii. 
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>lu)p inMriJiiicnt, proviili^s a iiiaf^nificcl cliart n'fcird nf wavincps, .stepi?, 
and nthiT major irri*fi,uliiritic‘s over a 2-in. length of trace on practically 
any machined surface. 

4. The Brush Surface Analyzer^” u.ses piezoelertrical crystal ele¬ 
ments to proiluce a tracer recfiril iif the surface. The nature and value 
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I'm. fi. 'I'hc nru.sh Di'v i‘ln|)iiiiMil (\>. HL-103 SuHupl'A nalyzer anil r.in.s. Meter. 

lliTurrls siiifiin*s fimn I tn .'i (MMl iiuprniriplips on llii Hiart nr i ibIiipk mi tlii> lui’tpi. Sl\liis 
trn\ I'h 1 1 n-iii. i'\ I'll* III lOsi'i*. t’li.irl Iris .1 s|ii*i*ii^ uf 1, oi .'i iii per sm*, olit.uni'il li\ ilitTi ‘1 eiit pusilmiih 
Ilf till' knoll on llic imlil snli nf llii osi iIIuki ipli 

Altpiiiiiitor pi iiMili's si\ iiiimiiifn .iliiiiis so tliiil I'liih l-nnii iIia ision uii tin* i-li irl is 1 (iiiii'riJinrh) fur 
n mil si'lliiiK, III n lor Dili si>l|ini{ iiriil HID fi fin I) I si'lliiiK 'I'lii* insprl r li iit slmvis ,i sirtiini of n 
U piriil IriiiM' 'I'lii' iliiik liiiiiil lit Irfl is losnU of c.ililiiiitioii iinil sliows i^iillli of lU iniii. Hul.inri* uf 
I'liiiil IS iini'-hiilf I'i I'll' Ilf ti.irr rimii .i i^iiiiiinl spiM'iiiiPii, \mIIi attriiii.il hi si>I iil 11,111 tup, uiiil I'huit ^ppril 
Ilf 1 III piT si'p. Kill'll niilhiiii'tt'i of I'liiiil iMpuils 10'i III* in iMiiiuiii pi'iik-to-Mille\ \ iiliii* is 
17 .1 mill lO niMIlT.I III 1, bill ilii* iiMniKi' fnuii tlip ri'iileiliiir is .ilnnii 4-nini sprpuil, or 0 000040 /i, 
III 14 iiiiBruiiiElicH, r III s. 


of the surface in mierninelies are recorded uii a chart for study. The 
value in microinches., r.iii.^., may al^o be reail directly on a scale of 
the “ RMS” meter >1 u)nmi in Ih^. ."i. A luohle chart, \^hethe^ an ac¬ 
curate reproduction a^' obtained on the Rrohlo^raph, Fi^. 3, or a cln^e 
reproduction a.s obtained on llie Proficorder and a^ repre.'sented liy the 
Hru'^li chart in Fi” ii, permit^, the evaluation of (ril extreme hei”lit.'s of 
peaks and depths uf valleys in iiiieruinehes; (h) averajic of hirg.est 
peaks and valley> in microinche>; Ir) nverafic total liei^ht of all 
iiTeKularities in inicroinches; (ifI r.m.s. value uf all irregularities in 
inicroinclies from a centerline ilrawn through the jirofile curve or tlie 
mean surface. Each of tlicpc averages will vary for surfaces uf 
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rliffurent flitirjictLTs:. If tht* surfiicc profilu i? rectangular in feriii, tlic 
average value wuuki equal the aritliinetical average. If it is 
a sine rurvi*, the r.m.s. average is 11 jier eeiit greater than the 
arithmetical average. The r.m.s. average is the value most generally 
associated with roughness measurement. 

5. I he Ilougliness Operated l)is|)lacemeijt Integrator, known as 
“ RoDi,” is a device by which a diamond ])oint is dra\rn a distaiici* of 
1 in. over the surface to l)e measured, while the total veitical tra\’el 
of the diamorul as it movi's up and down m'er the Teed marks or 
smaller vaiiations from the plane is indicatiMl on a graduated dial. 









CauTtfsy Federal FrodwiB Carp., Linculn Park Indunfries, and D. E. WillianiHon. 

Fig. 6. The ItnOi SiirfutM* Mea.suring liislruiiii’iit, Slniwri Set Up for 
till' SurfMCi' Qiinlity of ii Siu.mI 1 (\vliiiili‘r. 

The dial rcadiiiK for u 1-in. tri>\ ersc liF the ilimiirinil i^ olil.:iinei|. 


This reading represents the surface [pialily, and, while it does not give 
readings ef|ual to I hose of other measuring ilevices, lhi*y are jiropor- 
lional. '^riiis instnimi-nt i.‘< oT value in enmparing soi l aces above 30 mi¬ 
croinches, r.m.s. Its gnailest use is jirobably that oF comjiai'iiig surfaci’s 
of a givim accejited specimen with iiarls lieing imole in curnait prorluc- 
tion by the same proees.^es. Tlie instrument i.s rli'awn over the work at 
speeds between and 1 in. per sec. The instrument with it.s sui)i)ort i.s 
shown in Fig. 6, in position for mea.suring a idrcular jiin in turn 
supported on two V blocks. 

6. The Comtor fpiick scanning Surface Comparator, Fig. 7, presents 
a metliofl of rapidly eonqiaring the surface finish of parts with a 
standard. A photoelectric scanning hearl, a seU'-iaintainefl amplifier 
with calibrating conti-ols, ami a fini.sb meter jirovided with tolerance 
markers rate the work surface based on the amount of light projected 
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h) and roflLTtefl friiiii it. Surfaci* atanchird.s are uacd to tiet the iiiaehine 
for a staniianl finish. 

7. A sinijjle fleviee known as Fax Film '■ jirodueea a repliea of tlie 
surface. This ronsists of putting a drop of aectone on the surface to 



Fm. 7. Thi* Cmiitnr Cn. B Surraci* C^iiii|iur:ni>i Is BitMul on Ri*ni'cli(m nf 

LikIU «S nil I hr \\ ink Surhirr U . In ii PhnliM'lrrtiir C\*ll P. 

ilf^ i'IiiIumI i' III r IK iiiii|ilifii'il (ill till* snili* III I *uil till |ii'r ri*nt nf Kiuiiiliinl Zvrn rDiiilinK is 
iilitiuui'il fiiiin (lull lilnrU iiri'ii iif n |ilii**tii in viliii'li a pliitiiiiiiii suirnri' iiiliiii! IINI piT ri*nt is iiiiiuntpii. 
All siirriii'L*K shriiilil In* rli‘iiiii‘il >\itli Ki‘liiii in ii s|ii'cih1 i*li‘.iiiiiii£ (li‘\ii‘i‘, |iUKli-tiiithiii l■llnl^lllllHl. hiiilt 
mill till* unit Till* iiiiIii'aI s^kIimh is i|iaiininiiiii>il iit tin* u|iiii'i ^l^lll, and tin* niitiiii* nf tin* rrlirrtiiin 
friim tlie |ErL*atl.\ l•lllll^^lMJ Hiirfaci* is sIihimi at tin* Irft ’Plii* dii*ihi‘il nrrnus rnpifsi'iil lust IikIiI. 


he read. A piece of acelale film is placed over the acetone and 
pressed in place with the heel of the hand. In a matter of seconds 
the acetone causes the acetate film lo soften and flow into tin* most 
minute serrations in the .-Kiirl'ace In another halt minute the acetate 
film lianlen'^ and may he lifted from the surface. An exact rejilica or 
facsimile of the surface of the material is thus obtained on the trans- 
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parent aeetalc film. This film is then niminteil in a suitahle |)aper 
liniiler sn it may be projeeteii mi a srreeii at any rmivenient majinifini- 
tinn fur study as shown in f’ip. 8. 

8. Another inethotl of e\ ahKuing suri'aee roughness is by eonijiarinj; 
the marliined surfaee, wliether it be lajiped, lioniMl, ^rnund, tiirneii, or 
milled, with standard specimen blocks ‘ finished in the same manner 
tu represent the rouyihest surfaee acceptable under each heailin^ ur 
surface-finish designation in micruinches, r.m.s., of 1, 2, 4, 8, 16, 32, 63, 



Vm. 8. A Fax Film FliritomicniRruph, ShowiiiK u 30-minri)iiich, r.m.s., Surfsicc 
as (inmnil im a (\viimincal (’raiikshal'l Hearing af lO-J/i Steel (l(K)X). 


200, anrl soimdimes 500. A tyiiical set of flat blocks is shown in Fiji. 9. 
Similar sets are made by other companies anil the U. S. Army Ord¬ 
nance. The Norlon Oo. manufactures a set nf 8 cylindrically lii’ound 
steel sjieciineiis. Oiim|)arismis of the* wmk surface with that of the 
blocks is maih' visually or by scrapin':; with the finpjernail. These are 
admittedly limited in their satisfaction, hut still fill a ilefinite need in 
brinijinjr the vendor anil purchaser to a connnon understanilin^. 

9. A test for bearing area id' a surface may he made by ileter- 
mining the per c*ent of contact area ol the surlace ^^’ith a master 
surface coated with ])russian Idue, red lead. etc. 

10. The nature of very smooth surfaces may be iletermined by 
studying light-interference bands produciMl by bearing an ofitical 
flat on the surface. 

11. Relatively rough surfaces may be com])ared by observing the 
reading of a test indicator passed ovta* the surface while its base is 
supj)orted on a master surface. 

12. Photographs taken of a surface at a magnification of 1 X-lOX 
often show the character of a surface to good advantage. 

Profilometer readings in inicroinches, r.m.s., were obtained on sur¬ 
faces turned on a 2-in.-diain. bar under various conditions for 6 
different materials. For a high .‘^peed tool ground to a shape of 8, 14, 
6, 6, 10, 15, when operating at 75 fpm, yifi-in. dei)th of cut, and 
0.020 ipr, the surfaee finish produced by different cutting .speeds was 
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500-220 at 25 fpm, iiiipnn’mg fruin 250 to 200 at 350 fpm. All the 
metals were in this range, but the 24ST aluminum, free-cutting brass, 
and cast iron gave the best finishes. When the feed and depth are 
varied, the surface finish for the various metals is as shown in Fig. 10. 



CnurtcHf^ GfHeral Electric Co. 


Fio. 9. Thu G.E. Hut uf 10 Alulal Uliu;k.s, UuprusiMiliii^ 2,"! Lappud, Gnmnil, and 
Alachiiiuil 1tiiu|i;liiiu.s.s SuiTarcs. 

Tlii'Hn NiiRciinniiH Riiiiblf* i‘iiuiiiiMTS iir l|l•siKlll*^s to NpRrify by ii syinlicil :is /i. /z, ■ ■ ■ /t Uiii iiiaxiiiiiiiii 
riiiiiilini'NN iilliiwi'il III! iNirli inii'liriiliir Niirfiiri' iif tlii' piirb Tlin niiiKL* of isurfurf ipiiility in |lli[;rlJill^lll^' 1 , 
r.iii.H., is rriiiii 4 fnr/i In fiii U 'I'hr* blnck is to hr* n)iiip;irctl »villi iiiiu-liiiiPil .snrFiu'i* visually ur 

by HurupiiiK with flit! liiiKL'rnuil. Tlu‘ nist* niivcr is partly u|m‘ii tn shuw the rrrereiici: ulmrt. 


This indicates that the best finishes are ohlained at tlie lowest feeds 
for this tool with the 15-deg end-cutting-eilge angle regardless of the 
depth of cut. 

When the nose radius was ehangeil under these conditions the 
following r.m.s. values were obtained: 800-500 for a sharp nose; 
400-100 for yic.-in. nose radius; 200-60 for a Vs-'m. radius; and 
175-60 for /in-in. and radius. The lower values were obtained 

on the harder metals such as 24ST, free-cutting brass, and cast iron, 
while the poor Rnishes were obtained on the SAE 1035, SAE 3140 and 
2S aluininiiin. 

Table 1 gives limiting values of surface quality in inicroinchcs, r.m.s., 
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whirh may be obtained by many processses. The designers should 
know the surfaee uuality rerjuired on various siirl’ares and the manu- 
farturer must know how to obtain this quality at the lowest possible 
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Feed, inch per revolution 

I’lfj. 10. Prnlilnniftrr RnarliiiKS in MiiToinrhcs, r.ni.K.. of Tiimed SurfawK on 
2-in.-tliaiii. liars nf Six Mrlals. 

" Mn Miix " liiph sli-i’l ftiuls H in. Hr| wpfp icrdiiiiil in a sliiipf nf 8, 1-1. fi, fi. If). 1.1, ■‘fi i in. 

'I'lu* i-nl ling .-iiiiM'il wufi 7ii rpni in all riisps !.i.s tin- fpiMl wa.s varinil fur Piinfi nf rlirpi- l|l•p|.|l.s nf piii. 


rust, (’’lose tnleranres anil alluwanres must lie arfnmpanicd by high 
surface quality. The fust uf manufacture is generally higher for 
work made to low tolerances and high surface quality. 

QUESTIONS 

1. What is meant by (or) rouglini\ss; (h) wariness; anil (r) lay? 

Z. Hdw may surfarn rnughiiess be inilicalnrl in mifrrjinr'he.s, r.m..s.? 

3. Huw lin Ihese value.*? agree w’ith lhn.se ubiaineil rin the Brii.sh Analyzer 
graph ? 

4. Name several nielhotls for evaluating .'jurfjiee Hni.sh. 

5. How is tlie Fax Film replica used to aa.si.st in iiiaiiil iiining suifare-r|uality 
staiidarda? 
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Table 1. Surface Quality of a Variety of Suhfacp^s Usino a 
Phofii.ometkr with a Moto-Trape 


Maicriiil aiirl Shiipu 


I'inisliprl by 


Siirfare 

Finish, 

r.iii.s. 


1. Aliliiiinuiii r:ij|) 

2. Aluiniiiiiiri r'riHtiiiK 
Brass, rold-rnllprl shnDt 

-I. Brass pill 
5. Hrrmzp hiishiiiK 
h. Hnroii rarhirli* plug gage 
7. ('list-irriii flat. 

H. (.'asi-irrin fliiL 

!). ( iist-irijii flat 

1 (I. ( lusl-iruii flat 
11. ('ast-irriM Hat 


12. ('as(-iriiii flat 

in. (‘asl-iniii Nri. 4 Mursi* taper 

14. IMaslir runiitain-pen r-ap 
ITi. Siiitererl-tiiiigHleii rarliiile iiliig 
sage 

Hi. Sleel. SAIO MVM) ilie-fiirgiMl (irthn- 
lieilin brar'i* 


17. Steel tubing 
IH. Stppl, flat folrl rnllLid 
111. Steel (li)w-narbr»ri), flat 
2(1. St<rel, fliii f'lilil rullerl 

21. Steel bar S.AI'] .A2I(KI, 2 in. ronnrl. 

hariieiierl, (in l{iiek. (' 

Wiirk speed, 1120 rpm, 1(i(i Fpin 
Wheel speed, (i./iOO fpiii 
In-feed per pass. 0.001 
Table feed per rev of wurk, O.OSl 

22. Steel, rtmiid bar. flat i-nid rnried 
2n. Steel, flat ruld rulliMl 

24. Steel, Hal enid rulled 


2i'j. StE'el plate 

2(i. Steel plate 

27. Steel forging 

2K. Steel forging 

20. Sled ey I ill del', iu. diaiu. 

no. StiHd ryliiider, iu- diaiii. 

ni. Steel ryliiider, ia- diain. 

.'12. Steel I'ylinder, pisirni pin, gage, 
elr. 

nn. Steel, 7.1-111111 high-explosive .sliell 

n4. StiHd 7.1-iuiii high-extihi»ive shell 
.15. Sled plug gage, rhniiiiiuiii plated 
mi. Zilir i*arburet or Ih>w1 


t/olrl rolled and drawn 
I'areil milled 
f'old rolleil and drawn 
l^'oriii turned 
Freei.sioii bored 
Diamond lapped 

BlaiieharrI grriiind, plai-ed radially 
Blunrhard groiinil, plai-ed tangen¬ 
tially 

Siirfaregrniinil. siraight wlieel (par.) 
(per.) 

Sliaper, wirle feed-fiiii.sh rait 
.Shaper 
0.004 feed 
O.OL.n feed 
0.()2n feerl 
lleliral slah mill 

0.0.10 rlepMi, O.OIM fpt 
(Vlindrirall.N' grniind with 00-grit 
wheel ami eiiiulsii>ii 
Mnlrled and hiilTeil 
Diamniirl lapperl 


.1-0 

12 1.10 
11-12 
12 .12 
24 (iO 
O.S 
10 1.1 


1.1 20 
10 11 
2.1 no 

UK) 


120 

240 

400 

ISO 

0 7 

2 n 

0.5-0.S5 


Itough puli.sh, .10 grit 


1 no 140 


Seeoiid polish, 110 grit 

Third polish, 220 grit and grea.se 

(Jrease anrl pmer\- rake 

('nlrir huff - l•r^l^■us 

(’old drawn 

.\s rohl rolleil 

Siirfare groiiiiil. straight wheel 
Hlaiirhard grind 
('\ liiiilrirul ground 

SO-grit wheel. .1% emulsion 
150-grit wdieel, .1% emulsion 
I SO-grit wheel, I'/j emulsion 
ISO-grit wliei‘1, 1% emul.sion 
As folil drawn 
Slab .iiilled 
Fai'e milled 
Light feed 
Heavy feed 
Blank nr punehed 

I lie shaved 
Broaehed 

Broaehetl and Vniruished 
Boreal 

II lined with USO grit 
HoiumI with 100 grit 
Lappeil 


(iO 

21 

11- IS 
ft 10 
!) 1 1 
00 70 

21-no 

41 


2S 

2!) 

IS 

42 

s n2 

10 - 1)0 


120 

270 

lOO-lOO 
li on 
10 (in 
ns 

on 210 
10 .10 
2 12 
1 0 


Turned with U-iu. radius and 0.030- 
iii. feed 

Turned and painted 
LllppIMl 

Die east 


250 
210 
0.5 2 
24 on 
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6. Why (Ini’s llip Xniinn Ci). furni.sli I'ylindrinilly pri’niirrMi siirfiAf'e-qualily 

>|if'i'iinf'ns wliiln Mn- Oicliiunn* fiiriiislii\s i1:ii s]ici*iiiu'ns? 

7. Appi Dxiiniili ly yyhiW siirfiirr fiuisli. in niirn)iiirlii‘s. i ni.s.. slimild ln> prnviilrri 
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CHAPTER XVni 


MEASURING AND GAGING 
MEASURING INSTRUMENTS 


Standards 

In iiwirliijic-rtlinp prjioticn, llin iirniriiry In which work nan be ])ro- 
ihici'd ilcpcnils upon tin* lUMUinicy to which it ciin be ineasurtML This 
discussion will l)c confincfl to the; iiicMsui'cnicnls of lijicar anri circular 
dimensions, an^h s, ainl shapes. 

Measui'ements of length are express(‘ii in terms of sonu* flefiiiite unit. 
When this unit is n'pri'senUMl |)liysicully by soim; object, materials 
ami temperatures are involved. 

The Meter — The Metric Standard of Length 

The fundamental midric unit id‘ length, th(‘ meter, is the distance 
between two (iiu' lines graveil on a plalinum-iriilium bar at tlie Inter¬ 
national Hureau of ^^'eights ami Pleasures, Sevres. France, when this 
bar is at a temperature id’ 0” V. This l)ar is known as the Intermi- 
tional l^rototopye Mcder. The unit, the meter, sometimes ealh'd the 
international meter, is the fundamental unit of length on which the 
Uidted Slates inch is based. Coi)ies of this meter of rluplicate con- 
strui'tion ami material have been made. calil)ratefi against the original, 
and distributed to the seviu’al eountrie.s subscribing tri the Bureau. 
Copies, numbereil and known as National Prototype Meters Nos. 21 
and 27, are hehl at the V. S. Bureau of Stamlanls, AA'ashington, 1). C. 
They are of corri'ct length at C. The intia’iiational meter equals 
1 ,r)rKkl(i4.13 wave lengths of red light from cadmium vapor, as advo¬ 
cated by Fal)ry and Perot in 190(), at 760 mm of Hg, 15° C, and 
through dry air. This value is correct to one in ten million. 

Standard Temperature 

The International Committee on AAVights and ATeasurcs on April 10, 
1931, adopted 20° C (68° F) as tlie normal temperature for adjust¬ 
ment of industrial stamlards for length measurements. At this 
temperature, the instruments should be the correct size. 
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The Inch — The United States Unit of Length 

In 1866, tlu' I niti'd State's C’onjircss eslablislitil tlir relation between 
tlie yard and the meter as 

1 yard ^ 3,6^ 

I meter “ 3.1)37 

iiuni whieh 

1 nieler - 39.37 in. 

and 

1 in. = 25.4000508 mm = 39,450.369 lifrlit wave leiiKtlis 

The difference between tlie Hrilish inch oT 25.39998 mm and tlu' 
Uniled States incli is so small that it may bi* neglected i]\ machine- 
slioj) practice. 

d'he .Ami'i'ican Slandards .Association on ()f‘t. 31. 1932. a|)])rovefl 
the adniition for UniUMl States imhistrial practice of tlie simple ratio 

1 in. ^ 25.4 mm 

A ililTereiu'e of two millionths of an inch per inch of len|i::th now prevails 
between this simple ratio and that established by C-onpress. 

Dehnition 

In jiiMieral, shop measurements may be divirliMl into two f^eneral 
chisses; direct anil comparative. A direct measurement is oni* in 
which the tictual size is determined. .A comparative measurement is 
one to ileteriiiine the ilifferenee in size between similar or mating parts. 
In ^;(‘iieral, a compai alive measurement is much quicker to make than 
a direct one. 

Types of Measuring Instruments 

Aleasurin» instruments are used to make a ilirect or true nieasure- 
ment. They aie scaleil, or ^lailuateil anil dimensioned. Four prin¬ 
ciples are used in measuring: the scale ilim'ar or circulai l, the mi¬ 
crometer, the Vernier, and the indicator. The inierferometei’ is the 
iiasic ilirect-measuriiifi; instrument. It measuies ilistaiices in terms of 
wave lenjiths of li^ht, as described below. The micro.scope, reflected 
lipht, and li^ht waves are used for mea.surinff anil jiapinp; accurately, as 
described below under Optical MvaHarm^j Ini^traments and Com¬ 
parators. 

Figure 1 illustrates a simple type of steel rule commonly u.sed by 
machinists. It is graduated on one side in and Vi; 4 -iTi- division.^ 
and on the other in 's- and r-.-in. divi.sion.s. Scales of this tyjn* are 
made in variou.s lengths anil section.s. Some arc stiff, others thin and 
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flexible. Snmc are provided with a beveled edge, or with a short right- 
anglc hook attached to one end to facilitate taking measurements 
over rounded corners, or from an edge, as through the bore of pulleys. 
The hook may be used as a .stop for one leg of dividers or inside 
calipers while the size is being read. 




fnpjTTTj 

si’-, 


1 iVi Ti 1 ~l 1 

■J iJ li 

>iiiniimii 


Courleny Lufkin Rul^ Co. 

Fig. 1 . Miichinc-Diviiliul SprinK-''rrinpercil B-in. Sim*! Huh* Gr:iiliiiit>iMl in h,2 

anil nf an Inch. 

Hough ineasuremeols are freiiuently marie by arljusting the calipers, 
shown in Fig. 2, to fit the work ami then reading tlie cali])er setting 
on a scab*. A s|)li( or slirling nut is sometimes providerl nii tlu' sciew 
to save time in making adiustinents. Hermaphrodite calipers, uscmI 





Fig. 2. Inside and Oiilside Spring (<:ilipi‘rs, :ind ;il the KigVil a Toiiliiiiikei’ s 

>^prinK Dividers. 


principally in laying out work, locating centers, etc., have one ad¬ 
justable point and one leg turned inwaril at the end. The honked leg 
bears against the edge ol the work, while the point scribi's locating 
lines on chalked, colored, or jilated surlaci‘s. Intersecting arcs on 
bosses or on the ends of bars help to locate centers Avhich then may be 
])uiiched, centered, or drilled. Spring dividers have hardened [mints 
and are useil in laying out or scribing lines to projicr dimensions on the 
surface of work to be machined. 
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Scali‘? i»f 6-, 12-, nr 24-in. mit rroiiiu'iitly prnvnliMl with a 

ronttT hrafl. protractor, anil squan*, as shnwn in Fig. 3. Tlu* ppiiter 
lu'arl is usimI fur marking diainrti'rs on llip rnrl of a cylinilripul bar, 
ihc intorscL'tions of wliiph lopatc the opiitpr. 



I'ui. 3 . A Ijiirivin (’iiiiiliiiKiliiiM Si‘l (’nnsislini: of ;i Ilanli‘ni‘il-Sl im'I Hliiih* U.'irryiiiK 
:i Siniarr Mrail uii llir liiiil, a UiaiOT llfail mi llii‘ Li^fl. anil a I{i‘vi*i‘sil)lr 

1*1 iiharlnr in llir I 'riilri. 

'Flip jirinciplp of tlir Vernier is illiislra(ml by tlip 13-in. \h*rnic'i' 
|■[llipl‘^ r.spil fur insiilp and uutsidr nipasiirpiiipnls. Fi^. 4, and tin* ^i-ar- 
luulh \’pniii‘r. Vv^. .\IV-31. ll alsu is usi-d in ilrplli ami lud^hi Vra*- 
niiTs and un iinil raptui\s. Outsidp nipasiiriMin'ids an* fakpii hptwppii 



Fir,. 4. The Vernier Caliper willi a 13-iii. Sr,ali\ 

'I'hp insert shnws ivn pnlarReiiiPiit iif the VRniipr sctile wliirh rmuls l,20ri In Whpn iiiitkiriK internril 
ini'usnrpniRnls, U aUU in., r.iirreRpiindinK tn the wiilih nf the twri jnws, nivi.Ht be iiiJilpcl 1ri the Vernier 
rendiiiK. 


flip jaws, and inside nipusurpinents over the jaws, Fig. 12. When inside 
nipasureiiients arc taken, ihp coiidiineLl thickness of the two jaws, such 
as 0.250 in. for the 6-in. Vernier ami 0.300 in. for the 13-in. Vernier, 
should be added to the \'ernier reading. The fixed scale, as shown by 
the insert, is graduated into inches, each inch into tenths (0.100), and 
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uach tenth iiitn quarteis, making 40 ilivisions of 0.025 in. each to the 
inch. The auxiliary slide or Vernier i.s graduated into 25 equal parts 
and corresponds in extreme length with 24 divisions (24/40) on the 
scale. The difference then between a division on the Vernier and one 


AB C E D 



Courletty Lujkin Rule Co. 


Fici. 5. A Dircnt-ltcailiiiK O-OOl-in. Micmmctcr (-aliper of O-l-in. (■apacity with 
iSpiniili* A’, aniJ Hrmstani-TDriiui; Ilatchcl, F. 

on the scale is I '25 X 1/40 0.001 in. To read the scale as shown 

in the insert, the zero on the Vernier scah* indicates 1.2+ in. It is 
seen that the sixth line on the Vernier scale 
corresponds to a line on the main scale, thus 
making 0.000 in. to he adderl to the 1.2+ , 
giving a Vernier retiiling of 1.206 in. Divi¬ 
sions other than 25 to 24 are frequently used, 
such as 20 to 19, 10 to 9, etc. 

The micrometer i)rincii)le applied to a 
zero- to 1-in. inicrometer caliper is shown in 
Fig. 5, to a ile|)th gage in Fig. 6, and to an 
inside micrometer in Fig. 7. The inicroni- 
eier principle involves a linear and cylindri¬ 
cal scale. The hub of the micrometer, Fig. 
5, has a linear sc’ale with each inch divided 
into tenths and each tenth divided into four 
divisions of 0.025 in. each. The spindle and 
screw C carry the sleeve 1). The screw 
has 40 threails jier in. The left end of the 
sleeve i.s graduateil circumferentially into 
25 equal divisions. For one turn of the 
sleeve it advances 0.025 in., so that each 
division on the sleeve repre.sents 0.001 in. 
For the zero reading, the zeros on the hub 
and sleeve scales coincide. The reading of the microineter is 0.125 in. 



Cnurtvay Lufkin Ridv Co. 

Fiii. 6. A MicrimiHcr 
Dcplh Gage with Three 
MeasuriiiK IIdcIs Which 
Foriiiit the MLVi.sun*nient 
of Dcplh nf Holes aiid 
Projections from 0 t<» 3 in. 
by 0.001 in. 



Cn\iTte.ny John Bath and Co. 

Fif;. 8. InU^nijil Micromnier Plug aiid MjLstnr lliiiK. 


The small knurled ratchet stem on the end of the handle, Fig. 5, 
may be used to advance the spindle against the \vf>rk. When a pre¬ 
determined pressure is obtained, a small ratchet slips, thus insuring 
\ that the same degree of pressure always is used. Micrometers are 
made in many dififerent style.s and size.s. The micrometer is often 
used to measure the size of screw threads by measuring over three 
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wires, as shown in Fif^. 35. The anvil and spindle ends are soinc- 
drncs formed for speeifie purposes, sueh as being pointed to a 60-deg 
included angle for measuring screw threads, Fig. 26F. Means are pro¬ 
vided for adjusting micrometer calipers for accuracy or for wear on 
the faces of the anvil and s]hndic. 



CourlHai/ B. C. Amea Co. 


Fici. 9. A Diiil liuliriilor MeusuriiiK Dircpily li> 0.001 in. ini C^^Mlipcr OiiKe. 

The internal micrometer plug, Fig. 8, was ilevelopcil to measure 
holes accurately. It is made in sizes from Vi: hi- to 8 in. diain. Each 
tool has only a small range. The size is rearl from the single dial on 
the knurled handle which is graduated to 0.0001 in. The four inserts 
are ground and lapjied while contracti'd below the miniinum size. 
p]ach insert at normal size position liears against the hole in straight- 
line contact. These surfaces are sometimes threaded when the tool is 
useil for aceurately measuring internal threads. 

Engines for making linear scales are in use. Others are available 
for dividing eireles as used on surveying and astronomical instruments 
having an error of division less than 1 sec of arc. 

Indicators arc sometimes used for making direct ineasurcnients, 
although more often for gaging as described below under Indicating 
Gages. A small direet-measuring instrument employing a dial indi¬ 
cator is shown in Fig. 9. Thousandths of an inch are read on the 
large scale and tenths on the small. 
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Master Gage Blocks 

The importanre of regional, national, and international standards for 
industrial measuring is brought prominently to the fore in eonneetion 
with war work. The making of coiniionent parts of an assembly in 
different geographic locations frequently emphasizes inconsisleneies of 
standards. In inesent commercial practice, measurements to 0.0001 
in. are frequently insisted upon. Standards of an exceeilingly high 
degi’ee of aceiuacy are essential for iinifoi-inity in thi.s work. 




Bill 111 lllltllWWlWW 

iiiiiiiiimuimmw 



Unnrn and .Shnrpv Manufartunug Co. 


Kiii. 10. Till* .liihMiissDii GiiKi* Block Scl No. 1 in o Casi;. 

This .si>l (Miii.sist,s Ilf Bl lilurkK in four .sirrirs wliicli iii:ik(; dvit e2n,rMH) ililTi.‘n‘nL nizr uoiribinaiionH in 
n.lHNJI-iii. st(<!|is frriiii 0. Illfll in. tu 12 in. 

The first si-rins n»nsists nf II tiliicks 0.11101 -tl. Imi'i in. by n.OIK)l-in. str'|is. I’fii- sniMiinl MiTipH RoiiHiNtM 
Ilf -III blinks O.IOI-O.MO in. by n.(N.II-in. sli-ps. Tin* lliinl si*ri(*s punsisls iif 111 blucks O.O.'iO ll.Orill in. 
by 0.050-in. sti-ps. Tin- rmirtb st’rii'.s i;iinsisls uf 4 blurks 1 .IMM)-4.0(MI in. by l.fMKl-in. slRps. 

Tlinsi.* .si'ts lire inmle in three stunrlurris nf iirriinwy, ns fiilluivs; wurkiiii; set H with iilluwubh; urrur 
nf 0.00(M)08 in. (ilt in., in.speetiiin set A with 0.0fKKJO4 in. per in., iinil the lubiirutnry set AA with 
0.000002 in. per in. 


The accuracy of the Vernier, micrometer, and indicating anfl optical 
measuring instruments should he checked fretpienlly with master gage.s. 
Siimetiiiies an accurate plug or ring is furnished with Verniers and 
mierometers for this jmrposr. So-called master gage blocks with very 
hanl, smooth, flat, and parallel surfaces in tlie form nf Johansson gages, 
Fig. 10, first made in Sweden, are now made by Brown and Sharpe 
Manufacturing Co. The Hoke gages, Fig. 15, maile by Pratt and 
Whitney, and others of a siiifiilar type are now available in single units 
of any size and various shajies, or in different standard sets. 

Ma.ster gage blocks are used in checking measuring instruments, as 
in Fig. 13A, setting indicating gages and optical cnmj)arators to zero, 
as in Fig. 18, and frequently in locating work for measuring, as with 
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the* sine bar in Fig. 15A, and the compound cross-slide table in Fig. 17. 
A set of accessories fur use with the blocks is shown in Fig. 11. 


Figure 12 shows how the blocks 



Cnurtnay Brnvm and Sharpp. Af anufarturing Co. 

I'lii. 11. 'I'hr Giige Blrick 

AccLvsHiiry Nii. -47 of 22 Pieces in 

( 'llHC. 

2 — n.Um X 2 iawa 
2 — (1.201) X 2 jaws 
2 O.J.jO X 2 jawH 
2 - - f)..V)() X jaws 
2 — 0.7ri(l X r, jnwH 
2 - 94 X (• jaM H 
1 - arljiiHtaMf hriMer 
1 - adiuMtalilc liiiltli*r 
1 — !l94 liiljuNtablc liiililur 

1 — l•l•lltl•r iiiiiiit 

2 — tram luiintN 
1 —HrriluT 

1 — * 2 X 3 trianfcular atraiijclit adge 
1 — % X ri*i triaiiKiilar HtraiKht I'dgo 
1 — 1..17ri flint bliirk 

nifide in a wide variety of sizes 
The most comm on surface jilatc 


may be used witli the holder and 
jaws for making male or female 
gages. The holder also may be 
attaclied to tlie foot block for 
forming a height gage or scriber. 

Blocks of master gage accuracy 
made to various included angles 
arc also provided for the accurate 
gaging and tool-making industry. 
The AVebber angle gage blocks 
illustrated in Fig. 13B show two 
of the blocks from the set No. 
16A by which angles ranging 
from 0 to 99 deg in stejis of 1 sec 
can be obtained. There are six 
blocks in the degree series of 1, 
3, 5, 15, 30, and 45 rleg; five 
blocks in the minute scries of 1, 
3, 5, 20, and 30 min; five blocks 
in (he seconds series of 1, 3, 5, 
20, and 30 sec. Sets with fewer 
blocks are also available. 

Surface plates, Figs. 14 and 
15/^, used as flat surfaces for ref¬ 
erence planes in setting up instru¬ 
ments or checking dimensions, are 
and shape.s and of manj'^ materials, 
is of cast iron deeply ribbed on the 



Fiq. 12. Tlie Johansson 5^-in. Holder Up with and Jaws to Form 

Two Plug Gages for Inspecting Ring Gages. 
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underside having; tiirce feet for support. They are usually seriij)ed as 
mentioned in the chapter on grinding. They may be surface ground or 
lapped by the use of abrasives. The Toolmaker's flat, usually 5 in. in 



Eiu. 13A. CbcckiiiK a MicrLiiiiflcr (*ali}ii*r fur Accuracy wilh a JohaiiHsiiii (iai;c 

Bl>»ck. 



CourleH]/ Webber Gayf- Co. 


Fii;. 13/i. Angle CJagc Blocks I sed to Sol Tp u 'I'oolniMkur’s Universal Angle Plate 
tij fill Anglo of 1-4 deg 30 min. 

Thu surface Irsi iiiiliciilnr slumld shriw im flcllRctiiiii an ihc cmitiicl point is moved along the upper 
HurfacB of the block if that surface is parallel in the face of the N iLrnlite fliirfacc plate. 


diam. and Vh in. thick, is made of hardened steel accurately lapped. 
Other plates are made of glass, granite, Vitrolite, or ceramic as illus¬ 
trated in Fig. 14. 

For surface-plate work, a large variety of accessories is required. 
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Thfso rnn.sist of hardened and ground steel jmiallels, cast-iron box 
f)arallels, universal right-angle irons, Tnolnniker's knee. Toolmaker’s 



I’ll!. 14. The Norton Ceramic Surface Plate of (lircular Porm IliiviiiK Exceptionally 
(Joofl Wear Hesistance. 

A Vurfiirr lii-iulir, kubp narryiim ii .siiiiill iliiil iiidiuittiir i» iwimI in tmiiHferriiiK iliinriiHiiiiiii fniin the flat 
KaKi* tii the l'hi-(Mii‘i'k KiirfHi'e hriaht aam*. 


iidju.stiible knee and adjuslable angle plates, niea.'^uring irons, harileiieil 
steel siiuures, universal squares, cylindrical stiuares, V blocks, scales, 

surface test indicators, Vernier height 
gages, jn’ecision levels, and many other 
types of instruments. 

A sine bar used to measure angles 
is illuslrateil in Figs. ITi/l and 15/i. 
It consists of hardened and aceuratcly 
ground ilisks of equal diameter at- 
lached at or near the ends of a bar, 
both edges of which are parallel to the 
line joining the centers of the disks. 
The center distance of tliese disks is 
an exact 5 or 10 in. The correct 
height to raise one end above the other 
to produce a given angle with the hori¬ 
zontal surface plate is found by multiplying the length of the bar by 
the sine of the angle. Thus, a 30-dcg angle is obtained by raising 



Fir.. 15A. .lohiinssoii (hiKc Ulucks 
Tstul in Setting Up ii Tiift-Pirrce 
Sine Bar i»n the Sim? Bur Fixture 
fur AIciLsuring the Taper of an 
i:nd Mill. 
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one end of a lO-in. bar 5 in. above the other, as 10 X sin 30 deg = 5. 
Tlie sine bar can i)e built into various tools for laying out and inachin- 
ing angular work, or into fixtures for measuring. 



Cinirlv.sfi nntf \yhitnp.)i Vit. 


\^Jf. Ilukc Precision CJiiki' Blocks Sei No. 8IJ0, (jnilniiiin^^ 81 Blocks. 

Thi\v iiri‘ hiMiij!: in a ^viiiral siitnp iin a lai'iEi*. h^avy .siirfarr* ^^liuw'iiiK a tDiiltnakrr rhn^kiiiK 

tliM iirt'SNiirt; umkIi* iiinl spui'inu dF I.I11' rif a \Illu^ Ki‘:ir iriitli'r l»y iMiiii|iiiriii|! the .siirfiii'r* iif M)(> nittiT 

tiiiilli tlii^ liriuht of a .sLat'k of lilairks iif tlii^ ri‘r|uin‘ti iliiiii>iisii(ii. Tlii> Niirrnin* k>iki‘ In i>iiui|ipi!il 

wil.li II hi'iiin iiulirMitrir whii^li rurriislii‘s a saiiHitivi.* t'liirli uiiil uIhn iiulinuti'iM any variiilinii in nixa. Thu 
niiUitr riaiiipinl tn a tiinliiiakar's kiiau n^stiiiK on a siiir plma. 


Compound angles arc scl up or nica.<ur(Ml iin tin* i‘nni|)iMiiHl sine 
plate. Fig. 16, having two sine jdates at right angles to one another. 
These are made in several sizes. 

Optical Measuring Instruments and Comparators 

Optical methods of measuring and inspiM-ling are nnw being used 
extensively where higli pna-ision is reciuired. ^lien)seni)es and mag¬ 
nifiers have been designed puipo.sely for the work shn|). A\'lieii a jiart 
is to be marie to a tolerance of, say, 0.001 in., the toolmaker is calliMl 
upon to work to an aecuracy of apfiroximately one-fifth of this amount. 
This means that tools and gages are very eoinmonly made to an ac¬ 
curacy of 0.0001 or 0.0002 in. 

The Toolmaker’s microscope, Fig. 17, de.signed to show objects in 
their natural aspect and movements in the crrrrect direction, instearl 
of inverted, is commonly userl by toolmakers anti machinists in meas¬ 
uring and checking tools, gages, ete. It consists e.ssentially of a micro¬ 
scope mounted arijustably on a vertical column and loeateil over a com¬ 
pound cross-slide table or stage mounted on the base of the instrument. 
The mirrometer eyepiece has a protractor in its focal jilane. Cross 
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lines intersect at the center of the field so angles of serew threads can 
he read on scales inside or outside the tube. The cross-slitle stage has 
a 1-in. movement in two horizontal directions at right angles by means 
of two screws with micrometer dials which read to 0.0001 in. A 
vertical rack and pinion between the microscope and column are used 
to focus the microscope on the work. 



Eiij. 10. A ('Oiupriuiul Siiu’ Pl.'ite wilh :i rmiiiini'iil M:igiu*tic Ghiick Set l^p w-ilh 
Miisler Blocks to l'’iicililiili‘ llie Siirfare Clritiiliiig of a Definite C'oinpound Angle. 

For trans|nirent mati'riiil or ])rofile work, illumination is obtained 
liy guiding a beam of light from the rear of tlie base by a train of 
mirrors, upward through the stage into the field of vision of the micro- 
scope. A (|uartz insert set flush with the upper surface of the stage 
protects tile slides from dust and permits the light to travel through 
the stage. W hvn opatpie objeets are measured, a vertical illuminator 
on the lower end of the tube with an auxiliary lainji may be used, as 
showm. 

Any point, line, or edge of the work elamped to the stage and 
loeated directly under the eross line seen in the mieroseope is accurately 
located by the mieronieter dials. By moving the stage to bring a 
second point or line into jiosition, new measurements are obtained. 
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Arliial (listiini’e? iM'hvi'pii any hvo iu)inl!!; i\rv ili'torminiMl in this way. 

The Toulinaker s micruscope may be used for a great variety of 
work when provided with attachments, such as illuminators, special 
eyepieces, serew-tlircad diameter-measuring attachment, and lead and 
screw-thread measuring attachment with V grooves and accurate 
centers. In measuring the lead of a thread, the tap. bolt, hob, nr 



CtiurlfH]/ Bfiunrh and Lrtmh Opliral Cn. 


Fir;. 17. A TiioliiuikiT’s Min nsrnin* willi Krfsular Kyi'pii-i-.i* (oviii(r :i Afiiicnifinilion 
ol‘42X, Auxili.iry llliiiniiialin'. t'imipmniJ Cri>.ss-Slitli‘ Stjinr, anrl ObjrrI (Miiinps. 

threaded part is placeil bctwiam centers. One cros.s line of the eyc- 
liiece is brought in line with the eilgc of one tooth. A micrometer rearl- 
ing is made. The adjacent tooth is next located uniler the cross line 
and a secontl reading taken from which the thread pitch is determinerl. 

Where extreme accuracy in linear measurement is ri quired, master 
gage blocks may be inserted between two liolders shown in the fore¬ 
ground. One shouhler-typc hohler is attached to the base, and its 
mate, an overhung holder, to the slide immediately above. With 
blocks of a given thickness between the holders, the table is moved 
against the blocks by the micrometer screw. This definitely locates 
the work on the table for those blocks. A second pair of block holders 
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is located on the rear side of tlic stage to measure the relative position 
(if the upper slide to the lower. By sub.stituting different stacks of 
blocks in these two hoi tiers, exact ineasurenients of the work on the 
stage can be made. 

Compound tables of this general tyjie using master gage blocks for 
accurately locating machined surfaces are employ lmI on jig borers, bor¬ 
ing mills, drill presses, etc. 



18. T\\v Uarl Zeiss Opliiiictcr. 

With II iliiieniiii Ilf thr iipfiriil .systiMii and a viow iif lhi‘ NtMtiiinary iinlrx anil mi-uId in (hr ndil uf 
ubNiTviitiiiii. UriiiliiiKH iirr rninli- dirertly tii U.tNHIOri in. 


Tile binocular microscope enables the observer to obtain a stereo- 
seopie view of a surface, cutting edge of a tool, the grain of fractured 
metal, etc. 

An optical comparator or 0|)tinieter is a gage used for comparing 
the size of various parts with that of master gage.s as illustrated in 
Fig. 18. The operating mechanisiii comiirises a mirror which is tilted 
by the action of a fecler-jioint bearing against the work and a gradu¬ 
ated scale on the lens in front of the eyepiece. By the aid of prisms 
and lenses, the scale is firojected upon the mirror and reflected into the 
eyepiece. By use of master gage blocks, the instnimeiit is set so that 
the scale in the eyepiece ri'sts at zero, as shown. With the work to be 
inspected substituted for the gage blocks, the feeler point is raised 
or lowered. The amount of deviation from the set position is plainly 
indicated by the travel of the scale. 
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Tlic optical tube tind its supporting bracket arc both vertically ad¬ 
justable on the column. Close adjustmem for setting the scale with 
gage blocks is obtained by raising and lowering the table by a fine- 
pitch screw and knuiled nut just below the table. The table is 
hardened and lapped to an ojitical finish, anti thus forms a practically 
perfect jilane. It is adjusletJ for parallelism by means of three screws 
in a fixed plate just below the table. The feeler point resting against 
the work may be raised slightly by means of a small lever while placing 



Courlutiy I'ratt and Wfiiliipy {Divisiun Ai!i‘K-HeTnent-J*ond). 


fiii. I!). A RiMir \’icw nf tlii^ Liiiuiir Mwisiiriiip Macliiin- Si'l t'p for MeiisiirinK 
till' Pill'll Ilijiiiii'lrr nf :i TJinwl PIuk (oiki* by llir "l'hriMi-\Viri‘ Meltiiul. 

Till' liiilisliii'.k liMS llii‘ i‘li‘i-lr(iliiiiil .spiiiilli* willi llii* iiiilii-.iilur iiiiiiiiil imI iiii Uir lll•.ull. 


and removing tlie work. The jire.'^sure exerted by the feeler point on 
the work is very small and is kejit uniform by the* action of a small 
spring. 

Optimeters of this type may be fitteil with a number of stamlard 
and extra attachments to make them adaptable to a wide range of work. 

Measuring machines are designed for very accurate internal ami 
external measurements, botli absolute and comparative. These ma- 
eliines must be rigid and accurately constructed and liavc a means of 
obtaining a light and constant pressure on tlie work. Mechanical 
measuring machines usually have accurate linear scales on the edge 
nf the bed to even units of length, but are j)rovidi‘tl with accurate lead 
screws and large graduated dials for mea.suring .subdivisions. The 
Pratt and Whitney standard measuring machine, Fig. 19, consi.sts of 
a heavy cast-iron bed i)rovided with ways upon which two heads are 
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mounted. One head, the fuotstock, is normally fixed to the bed. The 
hearlstfick is located along the bed, over fine line.s spaced exactly 1 in. 
apart on a master bar along the rear side of the bed, by means of a 
microscope. A prcci.sion screw is provided in the sliding head to 
determine the fractional parts of the inch. It has 2o threads jier in. to 
give a lead of 0.040 i|)r. The index wheel has 400 graduations, each 
graduation representing 0.0001 in. A Vernier with a magnifying glass 
subdivides tliese graduations into 10 parts so that final readings 
ilirectly to 0.00001 in. may be made. In order to obtain anti repeat 
accurate readings, the pressure of the measuring anvil against the 



t’li!. 20. iinil Whiliicy SuptTiiiicroiiu'lcr with (onsltint-rressurii Tails! i)r.k 

of I f)r 2* 2 with M Mirriiiiicicr llcail Measuring li> 0.0001 in. 

'riu* wntiiji IN fur iniMi-NiiririK M, llic diNtuiii'i* iivpr IhriM* wiri*.s, fnr ilrtiTiiiiiiinK lliP fiilcli rliaiiiRtftr of a 
llirfHil liliiK ifUKr. 

specimen is carefully conlrolleil at 2V-! lb for general work or at 1 11) 
for delicate work. Temperatures shouhl he held at OS'" F. 

The Supermicrometer, Fig. 20, is substantially a heavy, rigid 
measuring machine based on the principle of a micrometer. The bed 
is not grailiiated for locating the tailslock but rather the 8-in.-capacity 
instrument is ei]iiip|)eil with 8 accurate cylindrical ilisks each 1.0000-in. 
iliam. which, supported on a channel bar extending through the tailstock 
to the headstock, supports the number of standard disks so that with 
the micrometer set on 0 and the proper number of disks between the 
headstock and the anvil, the tailstock is clami)ed to the bed when the 
pressure inilicator is nn 0. The final adjustment is made by moving 
the Vernier adjacent to the micrometer drum. The micrometer spindle 
in the headstock dia*s not rotate but is graduated in half-tenths inches 
(0.050 in.i read in relation to an index line on the head. The large 
micrometer drum contains 50 divisions, eaeli one of which represents a 
8i)iiulle travel of 0.001 in. It is turned by means of the knurled end. 
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The sralc is read in relation to the adjacent Vernier to give readings 
of 0.0001 in. 

The Van Keuren light-wave micrometer measuring inachine, Fig. 21. 
provides a means for taking readings under any ilesired jiressure be¬ 
tween the work and spindle. The number of light hanils shown on the 
.•^teel flat indicates the deflection of the C frame of the machine and 
therefore the pressure. One or two ounces is recommeiideil for nu’asiir- 
ing I'uhbr'r, 1 lb for gages and precision leirls and for screw threads 
of 22 i)itch ami finer, and 2'/-: lb for the coarser threails. Tin* ball testei 
is used fur testing ])arallelism between the anvil and si)inille. Thread 



Fifi. 21. Till* 0-2-iii. N^'lii Kinirrii IjiKhl-VV;i\'r* MiKniiniM.cr with IhihiiiciiiK Slaiiil 
Acci'ssuricH aiiii m Box i»f Slamhiril RdUs. 

Thr> pres-suri! iiii tliu wtirk Ciiti l)i? viirit^d from 0 In 2'j lli fur riicli ri'urliiiK JJ-'' inilinulril tiy tin? niiinlinr 
rjf liKlil-witvt* buiid.s .shown uii tin- sli'i^l Hut llir |£hi.s.s. Ni>riiiiilly 2 tjr 3 liirliL-wiivi* huiiils iiii tin; 

slei;l Hilt indir-iiii; siitisfunlnry workiim pri'.s.sun;. Oiii' hiuiil corrcspoiiil.s lo H-iik prcssiirr, I w'u liuiiiJs to 
12-iik, 3 hands to OiUhk, rtc.. A s<;p»riLti' ('.alihriitiiiii ii[;niitipanii;.s (‘iitdi iiistniiiiiMit. 


best wires are measureil over a 0. 750-in.-iliam. roll oi’ by crossing one 
wire over the other two. The steel flat is chriimium plateil ami a reil 
selenium glass screen i.s arranged so that light interference hamls are 
formed on the steel flat accorrling to the tleflection of the glass optical 
flat above. The O-in.-diain. wheel carrieil on a Vj-ir^ -diam. screw with 
40 threads jier inch has 0.0001-in. graduations Vi n ajmrt to give 
readings to O.OOOOl in. 

The use of the principle of light-wave interference makes it possible 
to measure to a high degree of precision. Surface.s may he testerl for 
flatness by using an optical flat through which monochromatic light 
of known wave length is directed. An optical flat is a piano lens of 
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glass with one side very accurately flat. The other side is usually flat, 
but the two are not necessarily parallel. Both sides are polished and 
clear. When the accurate face is placed on another highly polished 
surface, light is reflected from the two surfaces in contact. The two 

surfaces are separated by a thin 



Vm. 22. All MxaggiTiitiHl C'oiidition 
Ilf ail Idat Milking aii Angular 

Ciiiiliirl with (III*. rppiM- I’lnu*. of ii Elat 
Gage Block. 


wedge of air. The light waves re¬ 
flected from one surface may be 
in step or out of step with those 
reflected from the other across the 
wedge. AVhen tliey are out of 
step, the light waves interfere, as 
evidenced by the jireseiice of dark 
bands. With an air wedge between 
an optical flat and any oilier flat 
surface, alternate bands of liglit 
and dark appear at rigid angles to 
the direction of the wedge, as 
shown in F'ig. 22. If the hands 
are straight and parallel, as shown, 
the surface being inspected is truly 
flat. If the hands are curved, the 
amount of curvature gives the 
measure of tlie variation from true 


flatness. Wlien the test surfaces are not Hat, the light and dark hands 
produce the effect of a contour map. 

When light traveling in air is reflected at a rpiartz or glass surface 
there is a ehange in phase of w radians (see Wood, Fhi/sirdl Opfirs). 
W hvn light traveling in a denser medium, such a.s glass, is reflecteil at 
the surface of a less dense medium, such as air, no change in phase oc¬ 
curs. For this reason, an interference hand occurs at the line of con¬ 
tact between two plane glass or quartz jdates forming n slight weilge 
between tliein. Tbc first dark band to the left occurs where the jilate 
separation is wave lengtli, y 2 , the second at y, etc., giving vertical 
steps of 10 millionths inch each, as shown in Fig. 22. When light is 
reflected from a metallic surface, the phase change is not tt radians, 
hut some other quantity de|>ending on the metal, surface finish, 
and length of light wave. For the usual precision gage block, thi.s 
additional phase loss amounts to about 2.«5 millionths inch. Therefore, 
no dark hand appears at the line of contact, but at a distance from 
the edge of ^4 of the space between succeeding bands. When using 
white light, this vertical distance is equivalent to 7.5 millionths inch. 
The second dark band to the left occurs at an additional vertical 
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distance of y (10 millionths inch), making a total of 17.5 millionths 
inch, etc. 

Liglit-wavc lengths are definite quantities which have been deter¬ 
mined accurately and which can he diiiilicated at any time and any¬ 
where. The length of a light wave depends upon the color of the 
light. White light such as that from the sky nr from an electric light 
bulb lias a wave length of approximately 20 millionths inch. While 
light contains all colors and, therefore, is not wholly satisfactory for 
light interference vvork, as the bands are not sufliciently definite. 
Monochromatic light, obtained through a red selenium glass gem'rally 
used, eliminates all colors except red, to give a wave length of 25 
inillinnth.s inch.’'‘ A yellow helium monochromatic light having a 
wave length of 2;L2 millionths of an inch is also used. 

Light-wave interference iiroduced by the ojitical flat also may be 
used to emnpare tlie size of an unknnwn block with that of one of 
known size. Two optical flats nr one optical flat anil a Toolmaker's 
steel flat and a known standard gage are rerpiired. The block to be 
measured and the standard are carefully wrung onto tlie face of the 
st(‘el flat. The optical flat is then jdaced o\'er the two blocks. If the 
bands on one block are a continuation of tin* ones on tlu' other, the 
blocks are identical. If not, the displacement of the bainls is an 
indication of their diffcTcnce. 

Figure 23, left, .<hows how the size of two steel balls is comiiared with 
a nnister gage block ^ in. diam. and 0.250 in. thick. cardboard 
templet, as shown in the line diagram, slaves to locate the balls at a 
ilefinite distance eiiiial to the diameter of the gage fi'om the master 
gage block. The |u)int of contact between (he uiijier ojitical flat and 
the master gage block determines whether the balls are large or small. 
If the contact is on the outer or left eilge of the block, the balls are 
ovei'size, and vice versa. The thickness of the air wedge between the 
upper ojitical flat and the gage block at tlieir jioint of contact is eijual 
to zero. The wedgi* increases in thicknes.s from this jioint of contact 
by 10 millionths inch for every band. Fourteen dark bands may be 
counted on the face of the block, which would give a total of 28 liands 
in the 1% in. from the left eilge of the block to the center line of the 
balls, indicating the balls to be oversize 28 times 10 millionths or 
0.00028 in. The fact that the light bands are practically parallel to 
the center lines of the balls indicates that the two balls are of the .same 
size. Figure 23, center, shows in elevation and j)lan view the setup for 
measuring two balls (or cylinder) when using a Vi-i^^ -thick gage block. 
The light bands ajijieariiig on the face of the block at an angle, as 
shown at the right, indicate that one ball is smaller in diameter than 



Fia. 23. Two Oplinal Fliits T\si*d to C-oiiipaiT the Sizo of Two Balls with Thai of w 

Miisti'r (i:i||ri« Hliprk. 

0.00002 in. Thrsp liphl wiivi'S full iit 45 rlrg on a planp-parallel glass 
plato, tlio .surfuco of wliirli is covmMl with a siMnitninspiiroiit film of 
silvi'i* nr jiliitiiiimi. J.ight of (‘i|iial intensity is reflccteii anil trans- 
milted to erjuiilistant niirrors faring the eentral glass jilate luit iilaeed 
90 deg apart. The light is refleeted from the two mirrors to the eentral 
lens ami Ihenee to a sereen or mieroseope. Bands pass the eross hair in 
the telescope as one of the mirrors is slowly dis]daeed the small dis¬ 
tance to be measured, siieh as the thickness of a block. The observer 
counts them as they pass. 

Knowing the length of a part to witliin one-half wave length, it 
is possible to determine its length to an aeeuraey of one-tenth of this 
amount by using successively the spectrum colors of red, yellow, green, 
blue-green, blue, and violet from helium light in the interferometer 
comparator. These light waves have definite relations with one an¬ 
other at various distances from the source. Constellations of frac¬ 
tional divisions recur at uniform intervals. Since the recurrence of 












WORKING, INSPECTION, AND MASTER GAGES 689 

ronstcllations is absolutely known, longtlis may be determined to a 
wry high degree of accuracy. 

GAGES 

Definition 

Gaging is a process of measuring to assure a sj)eciried uniformity 
of size nr contour. An unknown is usually compared with a known 
stanrlard. A gage is a device for determining wludher or not one iir 
more of the dimensions of a manufacture<l |)art is within s|)ecifierl 
limits. The term gage is uscmI freely for special measuring tli‘vic(‘s. 
and the division line between measuring instruments and gages is ofli'ii 
obscure. Tin* ailvantagi's of a gage are the spea'd with widch it may he 
used, the accuracy ohtainahh*, ami the extent to which it i^ fooliiroof. 

Classification of Gages 

Gages may be classified in several ways as follows: 

1. Ari-uriling to acruriuy, purpose, or use, iis: 

(rf) Sliop or wnrkirig g;ig(*s. 

(^) InspiM'linn 

(r) Reftireni'f or niiisler gages. 

2. liilerniil or exlernid. 

3. Atlowiinre for luleriiiiri'S, as: 

(rr) Nunliinil or .size. 

(/?) Limit or two .siz('. 

4. Afconling to shape or form, as: 

(rr) Plug. 

(b) Ring. 

(r) Rereiving, 
id) Calipnr. 

(r) Snap. 

(/) Spr'i ial form, profile, surh as radius, lliread, gear tooth. 

5. Indiratiiig type. 

6. Eunetional. 

Working, Inspection, and Master Gages 

Shop or working gages are used by machine oj)erator or .shop in¬ 
spector to check the work as it is produced. AVorking gnge.s have 
limits within those of the piece iieing inspecteti. 

An inspection gage i.s one u.«efl liy tlu* manufartiiriT f)r [nireha.^er 
in accepting the product. These gages mu.sl nnt reji:et any iiroduct 
which working gages will accejit. They should, therefoii*, he more 
accurate than working gages. Inspection gages are useil also by in- 
speetors to check the finisheil jiicces turned out by the oiiei ators, and 
in that way serve as a check on the inspection of the workman and the 
working gages. 
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A master gage is one in which gaging dimensions represent as ex¬ 
actly as possible the physical dimensions of the component. It is the 
gage with which all other gages and all dimensions of manufactured 
material are finally checked, directly or by comparison. Gages of 
this type arc tlie Hoke, Johansson, and Van Keuren, as described above 
under MaMer Gfuje Jilorks. Reference blocks, disks, or rods, or 
master plug and ring gages are made freriuently to accurate size for 
use as measurers nr for checking micrometer calipers, inspection gages, 
and other measuring instruments and gages. 
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24. Rinf;, iiiiil Rernivinj^ 

Si*vi‘riil rfiniiM rif iiliifc kIiowiiik tin* " limit " cylimlrinul pliiR iit A nnil B, lliR nquare plnip; at C, 

null till' siiliiii' pliiK lit I ). A riiiK kuki- i8 hIiijwii at E , u " limit ” rinK Kairi; at I '\ n;r.(*.iviiiK igagRs at G 
unil II , aiiiJ It limit rin^ ^aKi* fm- tajiLTs ut i. 

Limit Gages 

(higes which allow for a tolerance are called limit gages. They arc 
usually referred In as t/n and mo/ f/o gages. The limit plug gage 
al A, Fig. 24, has cylinrlrical plugs of two diameters. The first shouhl 
i;o into the liole, the secontl jdug shouhl riot ijo. At B is sliown 
a go and mo/ go circular plug gage with a go plug on one end and a 
not go plug on the other. 

A limit ring gage is .^Imwn at F. The shaft being tested sliould be 
small enough to go into the go hole, but too large to go into the 
not go hole. A limit ring taper gage of the feeler type, at 7, is com¬ 
monly used for testing tajiers as to diameter and taper. If it fits 
snugly, the taiier is correct; if the end of the bar being tested passes 
tlie lower shoulder but does not pass the upper shoulder, it is of correct 
diameter. 
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In limit snap gages, Fig. 26, the work should pass tiu* first spare, 
but should not go past the seeond. The value of the limits is stamped 
un each go and not go gage. 

Shape and Form Gages 

A plug gage is one in which the imtsiile measuring surface is ar¬ 
ranged to verily tlie specified uniformity of holes. A j)lug gage may 
be cylindrical or of any eross-seclional shape, as shown at A In D in 
Fig. 24, or tajicixal as at 1. The wearing surface of the gage may be 
made either integral or rejilaceable with the handle. It may be soliil 
or adjustable. 

CHECK GAGE CHECK GAGE CHECK GAGE 



gage gage 'gage 


FiiJ. 2o. Plug and Ring Thread (higes. 

TMub unci atljustabh' riiiK thnuiil nuui'.s un? .slinwii uii tlu“ PIiik kuki-s ftir l■lln!kiIlK f(?niiili- thriMul 

KLiKL'M ill UiriH^ step.s an.' .shtjwii un llu' riiilit. 


Thread plug gages are form gages for testing (liri-aili‘il holes. A 
mating |)liig and ring gage for eheekiiig linearis is shown on the li-ft 
in Fig. 25. The eylindrieal raid of the jdug gage has a diame1i-i- i t|iial 
to the minor diameter of the threadeil liole. The threaded ring gage 
is adjustable by means of a screw jiassing iicross the gap at the right 
end so that various sizes may be ohtainerl. A set of thria* plug gagi‘s 
for checking thrcarl gages is shown on the right in hhg. 25. The limit 
plug gage ehecks the minor ilianuder, tlie seconrl ihiearl gagi‘ cheeks 
the major diameter, while the third gage checks the jiitcli iliameter. 
The gaging or measuring of threads is discussed further in eonnection 
with Fig. 35. 

A ring gage has an inside measuring surface circular in form as at E 
and F in Fig. 24. 

A snap gage, sometimes referred to as a caliper gage. Fig. 26, is 
arranged with inside measuring surfaces for calipering diameters, 
lengths, or thicknesses. Snap gages may be solid, adjustable, or built 
up. A solid C-type snap gage having a flat lower jaw but stejiped 
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upper jaws is shown at A. The outer step of the upper jaw serves as 
the go f^age; the inner step, slightly closer to the lower jaw, serves 
as the not go gage. In the solid I-type snap gage, show’n at B, one side 
serves as a go gage and the other as the not go. The snap gage 
at (' has a fixerl wear-resisting solid anvil at the top, but tw^o adjust¬ 
able anvils at the bottom, wliich are set tt) desired limits with master 
gage blocks to form go anrl not go gages. Limit snap gages with two 
set.s of arljustable anvils are shown at D and A" in Fig. 26. The 
ailjustabh* anvils are lockerl and sealeil in piisition. IIi'Mt-insulating 



Pill. 2ti. Siiliil iiiid AdjuslabU^ ‘‘ Limit ” Snap (nigos. 

pads may be attached to the frame to i)revent distortion caused by 
heat from the hand. The anvils are sometimes formcil for specific 
work, as to the shape (d' screw threads at F, Fig. 26. With the limit 
caliper thread gage sujiported in a .^taiid, threaded parts may hv hehl 
in both hands and jiassed betw(*en the anvils as a means of rapid 
checking of jhtch diameter and thread angle. Straight or roll multiple- 
thresiil limit .‘^naii gages aie used extensively in interchangeable manu¬ 
facture to disclose errors in diameter, straightness, roundness, leail, 
angle, anil thread profile. 

Special form gages are those made to correspond with a definite 
form. Gages of this ty])e are made for a wide variety of purposes, 
such as the radius gage in Fig. 27, and the screw-thread pitch gage in 
Fig. 28. 

A plate-snap gage made from slieet steel for checking all dimensions 
on a small screw is shown in Fig. 29A. A go and not go gage is pro¬ 
vided for each dimension. 

A flush pin gage, Fig. 29B, represents a type of gage used to deter¬ 
mine the tolerances on surfaces of different heights. It is a limit type 
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Ilf gagp and very generally usimI. Figure 29(\ at the right, shows a 
plate gage alsn used fnr gaging the height of shoulders, etc. 


Gage Design 

Tolerances on working and inspi*elioii metal gages must be in ae- 
eordanee with the ref|uireinents. In gcaieral. the smaller the tol(‘r- 
aiiee, the iiiuri' the gage will eost and the shortei' its wearing life will 



Eiii. 27. Itiiflius (^jigi‘S fif tlir t'liil Tyiir 
willi IntiTiKil anil ICxtrrniil rnniis. 

'I'lif KHKc riiii)' lie r.luiiipcd on tin* liuliling rod at any 
cEinveniHiit iiiikIl'. 


rm. 28. A Srrew Tliraail 
lor HoukIiIv Iniliralinic 
the l*ilph or XuinhiT of 
Ttirrails piT Inch of Insiilr 
or Oiilsiili* Thi rmls, ( ^inOiin- 
ing 24 (jagi‘« of l*il.i’hi\s from 
ati to 4. 


be. If the part to be inspeeted has a wide tnleranee, it is eeniininiral 
to speeify a more reasonalile toleranee on the gage. 

The inajority of gages are made to a eonimon staniJard in whieh tin* 
gageuiaker.s’ limits of aeeuraey do nut exeeeil 10 pi*r rent of the size 
difference between the lyo and not go gaging members. Fxeejitions to 
the rule may be made when smaller tolerances are apjilied, when emn- 
parators, such as an air gage or amplifying gage reading to greater 
accuracy, may be used, and when the 20 per cent and 10 per cent 
rule or the Army Ordnance system is userl. In all cases the gage 
tolerance is always in the range covered by the product tolerance so 
that the go plug tolerance would be plus and the nol go plug tolerance 
would be minus. The Unilateral system of toh‘rances is applied, 
except on master .setting disk.s where Bilateral tolerances are used, the 
total of which equals the normal Unilateral value. 
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Table 1 gives the gagemakers’ tolcranecs whieh arc applied uni¬ 
laterally /or several classes of precision gages. These tolerances vary 
with the luiminal size of the gage. For example, if a hole to be 
gaged has a 1.000 in. basic size and a plus tolerance of 0.002 in. to 



20 / 1 . A Profili' (liiini* fur .Vll niiiuMi.sii)iis i)f I he Screw Shown iii Ihii Lofl. 


Flush Surfaces 



TX 



Component Part^ 

.\\\\\\\\\\>N 

C 


Fin. A lMu.sh Pin Giikc, Shnw’ii Giijdn|r ilic Depth of ;i Hnlo. 

In tlic* iniNiliiMi .shiiwii, tin- l<i|i of tlic pin rIiuuIn l)ol\vi*i*n Oir " Iw'n sU!|i.h ” frlppth loleranpc) on tin* 
liiiily Hiirriii'i* will'll Llii‘ liiwi'r piiil luiirliL'M llif Iinttiiiii of lln* liiilo. TtiP ilpptli iif tlie hull' i.s nhuwn tn hi} 
williiii tiili'riini'p. 

Fiii. 20r. A liiluil Philr (laist' Shown Applirtl in (hr of i\ Shouhlor. 

Till' siirriiri' A rpslN iin Hip Inwi'r pliini* of IliP part in purU a way thal the surfaRe B alunilil over 
thr Mhuiililer, wlu'ri'iiN llie .surfiir-i' f’ uf tht' KafCR Nliuiild nut phnn iivur. 'I'he tolerance on tlii' height of 
the Mhouhlpr im Ti'pri'SL'iiliHl liy ihi' iliHtiuii'L' BC. 


give gaging limits of 1.000-1.002 in. and if an X class of gage is 
ilesiri'fl. the t/o plug WDuhl have limits of 1.0000-1.00006 in. Tlie jiot 
go gage wmild have limits of 1.0020-1.00194 in. No allowaneo is made 
for wear. The above tolerances merely cover the tolerances required 
by the gagemakers. If working and insitection gages are needed, the 
working gages could be made to larger tolerances, such as Class Z, and 
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ihr inspection gages made to the smaller tolerances, such as Class X 
01 ' Y. In some cases, however, two sets of gages of the same class 
are ordered, and those gages measuring nearest to the basic size 
would be used as inspection gages. 


Table 1. The 1m)i\strial Staxhauh fdh Tmlatehal 'I'oLiaiANrEs 
FOR Pi.ri;, UiNiJ, (’alh'Eu, and rn-sii Pi\ (IaOEs 


Nomina] Size 

Di' CJiiKe, ini!hes 


Ciat(i‘inakers' Tolei 
elasse.s 

aiiee.s, 


Ai)o^'e 

To and 
liU'luiliiiK 

\\ 

(Male 

(ljlg(\S 

Only) 

X 

V 

z 

7J. 

lIliiiK 

Duly) 

(1.0211 

0 S2r) 

0.00002 

O.OOOOd 

0.01KK)7 

0.00010 

0.00020 

0. s2r) 

1.510 

0.(MMM)3 

0 ooiKin 

O.IMIOO!) 

0.(M)012 

1 0.00021 

1.510 

2.510 

0 00001 

0 oooos 

0 (M)012 

0 00011) 

0.00032 

2 510 

17510 

0 0(M)05 

0 (KM) 10 

0.(MK)15 

1 o7ooo2() 

o.oonlo 

1 510 

(i.olO 

(i.ontKKm 

0 00013 

O.OOOlT 

0.0002.r 

0, oi)05() 

fi 510 

^ ‘I.OlO 

o.oooos 

oltKKBh 

0.00021 

7)1)0032 

0.000(11 

O.OK) 

; 12.010 

'. 

0.00010 

I0.OOO2T) i 

1 0 oo(iiSi) 'i 

i 0O(M)l0 

(T^isii 


work gages and 10 per cei 




W/////A 


Component 

Part 


1.0004 

1.O002 


li(‘ tuleraiiei* 

ur insjHTtiuli 

1 OOIB 


1.0020 


I 

1 1 

y 5 

0 j 

(J_ 

It JL 


lie rniiipoiieni pari 


Work Limit Plug Gage 
20% of 0.002 = 0.0004 

Half for Wear = 0,0002 
Half for Tolerance =0.0002 



Inspection Limit Plug Gage 
10% ol 0.002 = 0.0002 

Half for Wear = 0.0001 
Half for Tolerance = 0.0001 


30. Tlip Tolerancivs and Liinil.s nf Work iinil In.spiM-liim Liniil PIur 
for the Component Tart Having a Bore of 1-in. Basic Size and a ’’J’olerance of IMus 

0.002 in. Are Shown. 


half of the amount is u.sed for wear on the go gage anrl one-half 
fur gagemaker’s tuleranec un both the go and not go, a.s illustrated in 
Fig. 30. The go jilug must enter the smallest hole. The plu.s-wear 
allowance and tolerance increase the plug size over the basic hole 
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sizf. The not qo plug sliuulJ not enter tlie largest liolc. No wear Is 
allowed in this case, and the tolerance is negative. 

The tolerance on the snap gage should be minus on the go and plus 
on the not go gages. Allowance for wear is made only on the go 
gage. The go gage of plug, ring, and snap gages is the one most often 
replaced because of wear. 

The U. S. Army Ordnance has developed a system of gage tolerances 
to provide both gagemakers’ tolerances anti wear on the go gages. It 
is similar to the 20 and 10 per cent rules except that values of 
lolerances and wear for each value of comiatnent tolerance, rather 
(ban for the nominal size, have Vieen tabulated. Its ])urpose is to 
eliminate some interference ttbtainetl by the straight 20 and 10 per cent 
rule. This system is used in the design of plain plug, jdain ring, flush 
pin, and adjustable srnip gages. 

For example, the inspection plug gage is ilesignetl from values in 
Table 2. For a comjionent tolerance of 0.002 in., a l-in.-diain. go 
inspection gage will have limits of 1.0001-1.0002 while the not go 
inspection gage will have limits of 1.002-1.0019 in. The working gage 
is designetl from values given in Table il. The l-in.-diam. go 
working plug gage will have limits of 1.0005-1.0000 in., and the 
not go gage will be from 1.0019-1.0018 in. It is seen that work accepted 
by the working gages cannot be rejected by tlu‘ insi)ection gages. 

Materials and construction of gages: Precision gagi's and measur¬ 
ing instruments should be made of materials which are stable and wear 
resisting. Snap gages are made of steel ])late and sheet, steel forgings, 
cast iron, or malleable cast iron. When raj)id wear is to be avoiiled, 
tile working surfaces are made of jiack-hardened low-carbon steel, 
tool steel, or other alloy steels which, after being haniened, are 
giomiil and carefully lapped. Stellite often is used for tlu‘ working 
surfaces of gagi's. Chromium-plated steel is used extensively in 
large-production shojis as the chromium is extremely hard and wear 
resisting. After wtairing, it can be built up by replating. The prac¬ 
tice of making the working surface'^ of nitrided steel or ti])ping them 
with siidered carbide is increasing. The contact jioints of many gages 
and work-sizing devices are made up of highly wear-resistant materials 
such as sintered carbide, sap|)hire, boron carbide, or diamonds. Often 
the working parts of a gage, such as the cylindrical plugs on a plug 
gage, are attached to an aluminum, plastic, or low-carbon-steel handle. 
ICxpeirsive material is saved and the working jiarts are replaceable or 
sizes are interchangeable.''* During AVorld AVar II glass plug and 
ring gages were used extensively because of the shortage of other 
wear-resisting metals. The glass gives fairly good wearing life, has 
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TaBLB 2 . iNSJ'KrTION Gaoes 

Wear allowances anti fca^eniiikers' hileraiices fur plain jilug ami ring inspection 
gages, including plain ring gages for major diain. of screws, and plain plug gages 
for minor diam. of uuls.* 




( 

If) 

A’llf frf) 

Gage 

(hnnp. 

Gage 

Gage 

Gage 

1 

Gage 

Type 

Tol. 

Wear 

Tnl. 

Wear 

Tnl. 


n.fKioo 

0.0000 

0.00005 

0 

0 00005 


n.tKii 

0.0001 

0.0001 


0.00005 


0.002 

O.tKMll 

0.0001 


0 (KKll 


0.003 

0 0001 

0.0002 


O.fKlOl 


O.tKH 

0.0(K)2 

0 (M)02 


0.0002 


0.00') 

0.(K)03 

1 0 (M)02 


n.(MK)2 

PlUB 

0.000 

0.0001 

! n.0(M)2 


0 0002 

ring. 

0.007 

O.OlMll 

i 0.fK)n3 


n 01)02 


o.nos 

0.0005 

0 (K)03 


0 ru)02 

iixeil 

O.tXl!) 

0.0005 

0 0004 


0.0002 

snap 

0 010 

0 (K)05 

o.omir) 


0 0(K)3 

gagf'S 

0 012 

0 OIKlti 

0 0001) 


O.tMMlS 


0.011 

0.0001) 

0 ooos 


0.0CK)4 


0.015 

O.tKKlt) 

0 nmi!) 


0.0005 


0.010 

O.OOOt) 

1 0.0010 


0 (KK15 


O.OIS 

O.OOOfi 

0.0010 


0 0000 


0.020 

0 000(i 

0 0010 


0 0(K)7 


0 0005 

0 

0 00005 

0 

0 00005 


0 001 


0 (M1005 


0 00005 

Flush pin 

0.002 


0 0001 


n 0001 

ami 

0.003 


0 omii 


o.nooi 

adjustiilile 

0.004 


0 0002 


n 0002 

snap 

0 010 


0 0003 


n 0003 

gages 

0 015 


0 0001 


n.0(H14 


0 020itl'p 


0.(K)05 


0.0005 


•By J. B. Neiiley. 


Procedure for Determining Gage Dimensions 

pi K*'*-!?** wear, apply tolerance plus. 

I A’of fFfi; From max. limit, no gage wear, apply tolerance minus. 
Snap and jGo: From max. liiiiil sublrael gagi* wear, apply tolerance minus. 
Ring [A'of Go: To min. limit, no gage wear, apply tolerance plus. 

Si/e to lie Markcrl on the Gage 

Go: Min. limit of coiiipunent. 

Not Go: Max. limit of component, 
fjo; Max. limit of compoiiRnt. 

.Vrtf f7fj; .Min. limit of eoinpoiiRiil, 


Plug 

Snap and 
Ring 
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Table 3. Workino Gageb 


Wear allowance and tolerance of working gages based on value of 
component tolerance* 


Gage 

Type 

Comp. 

Tol. 

Go 

Not Go 

Gage 

Wear 

Gage 

Tol. 


Gage 

Wear 

Gage 

Tol. 

At 


0.0005 

0.00015 

0.00005 

0.00005 





0.001 

0.0003 

0.0001 

■iWiTrr 


USSi 

InTxriW 


0.002 

0.0003 

0.0001 

KVixr w 


0.0001 

0.0001 


liIi'iM 

0.0004 

0.0002 

0.0003 


0.0001 



0.004 

0.0006 

0.0002 

0.0004 


0.0001 


PluK. 

0.005 

0.0007 

0.0002 

0.0005 


0.0002 


BTWTITM 

0.0008 

0.0002 

lilri'iiM 


0.0002 


rinBp 

0.007 

0.0009 


0.0007 


0.0002 

iwrriTH 

anil 

C_1 

O.OOB 

0.0010 

0.0002 

0.0008 


0.0002 

0.0002 


mwjAm 

0.0011 

0.0003 

0.0009 


0.0002 

0.0002 

snap 

o.dio 

0.0012 

0.0004 

0.0010 


0.0002 

■ IHIJIXM 

gages 

0.012 

0.0015 

0.0005 

0.0012 


0.0003 

0.0003 


0.014 

0.0017 

0.0006 

0.0014 


0.0003 

0.0004 


0.015 

O.OOIB 

0.0007 

0.0015 


0.0004 

0.0005 


0.016 

0.0020 

0.0008 

0.0016 


0.0004 

0.0005 


O.OIB 

0.0020 

0.0009 

0.0016 


0.0005 

0.0006 


0.020 

0.0020 

0.0010 

0.0016 


0.0006 

0.0007 


Plug 

Snap and 
ring 


Procedure for Determining Gage Dimensions 

Go: To min. limit add and gage wear, then apply tolerance plus. 
Not Go: From max. limit subtract , no gage wear, apply tolerance 
minus. 

Go: From max. limit subtract .mK . subtract gage wear, apply tolerance 
minus. y. 

Not Go: To min. limit add no gage wear, apply tolerance plus. 


Plug 

Snap and 
ring 


Size to Be Marked on the Gage 

Go: To min. limit add . 

Not Go: From max. limit subtract 
Go: From max. limit subtract A. 

Not Go: To min. limit add AK . 


* Bv J. B. Nt'^lcy. 

t A hiukIi wttr pliu tolormnoe of " la " intpecKon Baza 
/K eqiula iolomioe nl " not fo" inipwlioii gaga 
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practically a zero thermal rneffirient of pxpaiisinii, and when scratched 
merely chips rather than leaving burrs on the surface as do most 
metals. 

Indicating Gages 

An indicating gage is one that registers the size of the part on some 
form of indicator. Various forms of indicators are in use, such as the 
feeler-type ring gage, Fig. 24/. anil the beam, amplifying, dial, optical, 
fliiirl, and electric tyj)es disciissefi below. 

The beam type of indicating gage is shown in use with a surface 
gage in Fig. 15. The principal object of these indicators is to fiirnisli 
a sensitive touch and register differences when comparing two nearly 
cipial dimensions. 

An amplifying comparator erpiippeil with a diamond measuring 
point is shown in Fig. 31. This instnnmmt is first set to llu* zero reail- 
ing enrresponding to the basie size of tlu^ work, with mLl^ier gage 
blocks. Differences in size are regislertal dirtaaly on t!ie scale to 
0.0001 in., which is represented by a division of nearly '\u\ hi. 

A portable inside indicator gage. Fig. 32, has one anvil of two 
fixeil contact points. A movable anvil controls (he indicalor readings. 
The tool is locatcil concentrically in the bore by the thri'e anvils. 
Coarse and fine graduations to 0.001 in. and 0.0001 in., respectively, 
are read directly througli the comhineil use nf two pointers nn tlie 
indieator. 

Tiie star gage was develojieii to gage tlie bores id guns and otlu'r 
long tubes. It eonsists of a tubular body of adjustable length. One 
end carries a head whicli holds iliree radial measuring rnrls, also ad¬ 
justable in leiigtli. The rods are moved railially by a central wedge, 
the longitudinal movement of which is controlled from the handle. A 
standard ring is used to set the radial rods so the Vernier along the 
scale on tlie handle will read zero. As the gage is moved along within 
the bore tn he ineasured, variations from llie r(T|uired diameter can be 
read at different ilistances from the eml of the bore or at different 
angular positions for any depth. 

Air gages are used for the rapid checking nf the diameter, out-of- 
roundness, and taper of deep and shallow holes. They are accurate 
and fast. Tlie device consists of an instrument containing a vertical 
slightly tajiercd glass tube. A small float in the tulie rides the air 
which passes upward through the tube. Its vertical po.sition is deter¬ 
mined by the velocity of air. The plug is attached to the instrument 
directly or by a flexible tube. The plug ha.s two holes in its cylindrical 
surface, diametrally opposite, through which air escapes. The plug is 
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slightly smaller than the hole tcj be eheeked. The workpicre is ae- 
ceptablc if the float rides in the tube between two pointers, one of 
which is set at the position of the float when the plug is fitted into a 
part of maximum size permitted, and the other when fitted into a 



Courtf.sy B. C. Amnn Co. 

Fin. 31. A llniich-Ty|ji? Anipliryiii); Uhiki;. 

Aftrr InMiiE snt tu ziru iiiiil rriM|iiriitly rlii'i'kiMl with iiiiuibur eukl* ViluukM, iliis iiidiuutiuE ebeu is used 
for Ihe ruiitine uf uliiiuiiiuiu-iilluy pistons. 


part of minimum size. Gages of maximum and minimum sizes arc 
used to set and eheek the instrument. 

A Boroscope is an optical instrument with an eyepiece of 6X or 
10 X on one end, and a tilting mirror and light on the other which is 
extended into a bore so that tlie interior surface may be observed, to 
detect flaws and evaluate su’dace coiidiLion. The Precision Air Gage, 
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I’ni. 32. A SwiHli.sli Cn. Ni:>. 2 liilcriiiil liulinalDr Xi'iiiK Sni Vp wiUi .jiiliiuiMxiii'. 
(ia|;a liliiRka anil Liiiic Jinvs llrlil in Ilia llnliler. 

At Hio Inft. 1hi‘ iiidiiMitiir is h(*iiip ii.spil to clifirk iKr sizp nf pisii»n-|iin IihIps U.i tiilprariRuM iif plus nr 
iiiiiiiis 0.rKK)iri in. In nisiss iinulnclinn ti iii;i.>tiT riiiR Kano wouM br pniviiltul in aet uinl In rpinilly 

flifi'k ihr KiiKiv 


till' Star Giifiio, aiirl the Burnsropo are all used m lon^ boros or tubes, 
surli as rifles, rannun, anil liyilraiilie eylimlers. 

A lathe-test indicator, IllV held in Ihe tnid jinst with a rontarl 
hall against (lie revolviiif!; surfaee of llie work, indieales eceentrieily. 
The standard dial reads in 0.001 in. and 
has a ranp;o of 0.02o in. 

A quick-reading caliper gage, Fig. .34, 
indieates the rlistanee between the ])oiiit.s 
dircrtly on a dial gage. 'Fhe points are 
first set to the required size by gag(‘ bloi'k.s 
and the gage adjusted to zero, (iages of 
this tyjie are eonvenient lor cheeking the 
diameters of work between cenlers in a 
lathe and grinder. Dial gages are con¬ 
structed as self-contained units in a wide 
variety of types, dial sizes, markings, and 
stem strokes. They are built into inaiiy 
tyiies of indicating gages. 

An indicating gage used to compare the 
size of a screw thread as inea.sured over 
three wires, with a .stark of master gage 
blocks, is shown in Fig. 3.5. This is a convenient, rapid, and accurate 
method of checking screw tlireads. A functional gage determines the 



Fir;. 


33. 'riiu “Lsiist Word ’ 
Indicator Modid F. 


With full univcreul dhaiik, awivel- 
in|j! tubular burly, and dctachablu 
rattliPi juiiii Buntact pibCB. 
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relation between two or more surfaces such as concentricity of a 
threaded hole and a counterbore. 



CourtP.HH Fr-deral Frodurtn Carp. 

Kiu. 34. A 3-iii.-R!iiiKn DiriTl-RmiliiiK (/alipiM' 

]lltadillK^4 tu 0.0(11 in. un; uliiuiiiuil aliiiiK Ox' ('lixril. 
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various rliainoters rind Icnj^ths. A dial tfst inrlirator attnchcd to tlie 
bod is a standard part of the instruinent. 

Comparators 

An insppction pa^e oinpluyinp sovoral dial papos is shown in Fip. 37. 
Many papes of this penoral charactor are used in the insiieetioii of parts 
produred in large quantities. 



FiiJ. 3(i. The BenOi Ci-iiler, Showiiip a Clear Mounlinl lui a Mamlrel Sup|M)rU‘il 
lielwtMMi C^iTilers hriiiK (!hi‘r'ki‘il fur Wnhlili* by a Dial (lapi* Suppurleil mi llii* 

Ailjuslalile ('arrisiKe. 


The Electrolimit gage, Fip. 38, euiubine.s ineehanieal papinp with 
electrical niapiiificalion.^ to cheek external ur internal ineasurenients. 
It can be set to any limits desireil, ranging fiom onlinary shop 
thousandths to millionths of an inch. It eonsists c‘ssentially nf a 
diamond contact point .sujiportetl to move through a very limited 
flistance. This unbalances a bridge circuit and raiises the movement 
of the eontaet point to be magnified 500, 1,000, 10,000, or more times. 
Tliis prineijile is apjdied in many ways. With rolls it papi'S continu¬ 
ously the thickness of sheet as it comes from the mill. The thickness 
of the sheet or strip is kept auttimatically within 0.0004 in. 

The Sheffield Comparator is useil for purposes similar to those of the 
Eleetroliniit and Zeiss Optimeter. Steel reeds magnify the deflection 
of tile indicating pointer from the zero reading as .set with master gage 
blocks with an amplification of 5,000 to 1 or more; a movement of the 





704 


MEASURING AND CiAGING 


iiirlicating point of 0.000025 in. appears on the illimiinated dial as 
Vh in. 

Special gages for cliecking gears and cutters are shown under Gear 
Inspection, and for automatically controlling the size of ground work 
under Grinding Machines. 



Courlritf/ Ford Miitor Co. 


Viii. 37. Spi'citil liulifiitor I'ml f«r llduliiir lns|MM'(iiiii nl' Tiiiiismissioii Grars. 

'I’ht* viirii)ii.s iliul kiiki^s iin* siM tii On- riirnTl «itii ri>ailiii)e liy tin* uwi? uf .1 dIiuiinhiiii iiiUMtor KUKii Viluckfl, 
uftiT wliir;li tlii' purl i.<!i iiiupiTli'd us .shnwn in llii> iiiui^rt. 

Quality Control 

(iualily control is not iiiercly ins|)cction, nor is inspection alone any 
form of (piality control. Inspection exjioses deviations from specified 
(luality standards, but it cannot prevent them. Quality control is 
actually a combination of actions or jirocedures which are intended 
to improve tlie ciuality of the product, as indicated by inspection 
records. Quality control luixy or may not indicate a change of 
tolerances. Tliere can be no empirical rules of quality control which 
are applicable to all enterprises. Each must be determined by the 
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fli‘niandc of cacli partirular industry. Quality control leads to (1) an 
improved product without increased cost, (2) reduction in cost of 


product without a lowering of 

quality, and (3) an increase in 

market demand for the product 

due to the attainment of ohjectives 
I and 2. The inspection of samples 
taken iieriodically at random indi¬ 
cates whether tlie product is con- 
fonning to specifications. If any 
single dimension, for example, is 

foinnl clianged, corrective measures 
may he instituted hy reg?‘inding or 
resetting tools, making machine ad¬ 
justments, etc., to liring the work 
more idoscly in line with the ex¬ 
pected quality. 

Inspection of Screw Threads 

Screw threads are incasinaMl or 
coiiq)anMl in a inniiber of difierent 
ways as follows: 

1. hy mifM’onii'ltn' f.‘jdii>cM’S or snaj> 
jiJilxrs willi sliiiiifd Jinvils, Fii?. 26/'\ 

2. hy tlirciul jilug nr ring gages. 
Fig. 25. 

3. hy fniniiriring tlic suptMposf’il pro- 
ji'cleil sliMflow willi an aeiairale, gii-ally 
niilargfnl .sralp of a coni onr-iiie:isiiring 
in ojiM'tor. Fig. similar to Iho melliuil 
I'lniiparalor, Fig. XTV-33. 



CourtfHu l*mtt and Whitney Co. 


Fiii. 38. ’'riic Fli‘rlri)liinil liispiaainii 
(jugc, Eiiipinying an IClcrtriR Magnify¬ 
ing Device, Miiiiuraclurcil hy 'I’lu; 
(kmcral lOlcctric (In. 

[ Icsiing llip gr'ar lioh nn iiie Ilart.ness 


4. By means of a Inulinaker’s micro.srnpp, Figs. 17 anrl 30.4. 


5. By the '■ ihrcc-wire ” mclhoil. Fig. 35, using iiipasuriiig inslrumenls such as 


micrometprs. measuring iniicliinns, anil npliral flals, nr willi cnniparalnrs, as shown 


in Fig. 35. 


In roughly rhecking one 60-deg-angle screw threarl or tap with 
another, the microinetcr caliper inea.'^urements over tliree wires on one 
screw should e(|ual that of the other. For this puriiose, the wires, 
often in the form of standard wire rlrills, should have a diameter not 
le.ss than 0.50518P nor over 1.01036P, in which P is the pitch of the 
thread. AVhen accurate mea-'^urements of the pitch diameter of a 
screw thread are desired, measurements M may be matle over three 
wires, as shown in Fig. 35. The general formula for any diameter of 





706 


MEASURING AND GAGING 


wiiT, rV in inches, any half threail angle » = A/2, and thread lielix 
angle E is: 


rG . , 

/(t 


[2 ^ 

[^-COSPCa- 

- ^ ,ot a)\ 


„ ,. cot a /t/, , 

E = M - (m I \ -h no.sec at — 1 



Fiii. 3!L4. Th(! Mcthnd iif Mctksuriii|i; the Pitch Diami'tcr and Liiitiar Pilch uf a 
Screw Thread in a TiMiliiiaker’s MicniHcwpi* I'tsiiii; Twn Independently Adjustable 
Uriiss Lilies Is Shown. 

At A the zero line with the 3O-70-iieK Krailuntiun is tanicent to tlu! left sirle of one thread. The cuukIc 
line pBflainK thruiiKh the ftO-dcK mark is tanaent to the other side. The iiiterNectinn is at the root of a 
Ihporetical V thread.| At B the w'ork has been moved bo that a thread is included hy the two lines 
which intemect at the crest of the V thread. By ineaaurinK the position uf the table on the transverse 
screw micrometer scale at .4 and again at B, the difference is obtained which equals the pitch diameter. 
By inuvinK the work so the line over the left side of the thread at B is now at the left side of the thread 
at C the linear pitch of the thread is determined. 


iS is small for helix angles less than (i deg and may be neglected. 

E = M -H 55^ — G(1 -h cosec a) 
zn 

if a = 30 deg, E = M + 0.8(ili03P - 3^; 
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if G = best wire size = ^ ^ = 0.57735P; 

2 cos or 2 ’ 

then E = M - ^ 

A 

M is the nieasiireiiieiU over the three wires, Fig. 35, E is the pitch 
liiiinieter, and (/ is tlie diameter of the wires; all dimensions are in 
inches. “ Best-size ” wires of correct diameter for iliflerent pitches are 
available. They are A cry hard, smooth, straight, and accurate. 



Courtmu Jones and Lamson Marhine Co. 


Ficj. 39i^. Till? .\]ipi‘arain;n nf the Iniitgc af ii C^uinmciTiiil Screw Tlirniiil in ihr 
C'riiilijur-Mcusuriii^ Project df. 

The ttfijiiHlable must it threiiil eliHri shriwiiiK the crniliiati^l ure mill Vprnier Iihs a ftO-ileK aHKle ami 
iluahecl lineM tu indicale iieniiiapilile iiitch diaiiieliT tiilisrani'i'H. 


Extimple: DetPriuine whctlier the pitch ilinmeter of a ^^-iii.-iliani. 16 N.tJ. 
grounil-threarl tap is correct. Achial nieiLsureinenl over wires with inicr(iineU*.rs is 
0.3885 in. The diameter of the “ be.st-8ixe ” wire ia 


0.57735P = 


0.57735 

16 


0.03608 in. 


Af = 0.375 


1.5155 

—— -I- 3 X 0.03608 = 0.38854 in. 


The computed value of M correapomls with the measured, which indicates that the 
pitch diameter is correct. 
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Example: What is the pitch diameter of a 5^-iii., 16 N.C. ground-thread tap, if 
M = 0.38K5 in. over " best wires”? 

0.86603 

E = M 0.86603P - 3G = 0.3885 +- 3 X 0.03608 = 0.3344 in. 

16 

or 

3G 

E = M -- 0.3885 - 0.0541 = 0.3344 

2 

Figuro 39^ illustrates how inaccuracies of commercial screw threads 
are detected by ojjtical means in the contour-measuring projector. 



Fn.. 40. \ View of 1Ci|iiipiiii>iil in tin* Gaging ainl Measuring Laboratory at the 

I'liiversily of MicViigan, Showiiig V arious Mir.rosropns and Coinparators as Follows: 

1. A niiiisrli i<t liriiiiti wiiJr-liMil iHinp. 

2. A iSpi'iiiMT LiMiN I’u. liiiiLiciilur wiili>-Ki*lil iiiinrosRupi*. 

3. A slu'llii'hl viMiiul KHKi' I'Diiipiiruhir, style ItlUO, readiiiiE tii 0.0001 in. uf 2000X inuenifiratiun. 

•I. Till' h. e. .Allies t:ii. Nil. 13 iliiil iiiilicatur riiiiiparatnr nf ll-iii. capacity. 

'i. Dii.AII Melniii riiinpaniliir, imiviijiiia .spiinllc pressures fniiii 4 tii 30 uz iituI reiidiiiK l'» 0.00(K)20 in. 
li. Zeiss iiptii'iil riiiiiparatiir, reiulinu ti> O.UOOO.'iO in. 

7. Shellielil I'liiiiparatiir, style 20,00(1. reudiiiic In 0.UIK)002 in. 

8. Pratt anil Whitney iiieeliaiiiral fuii-type ruiiiiiaratur, reailiiiR tii O.INMll in. 

0. I'laertuer Seieiitilie. I'nrp. 'runliiiaker's iiiirruscupe, ty|ie M200I.A, of 4- X 2-in. capacity with 
llirt^ail rliei'kinR staRi'. Linear ineasiinMiients to O.OOOl in. anil iinRiilar to I min may he made. 
10. I'riilt aiiii Whitney Klei'triilimit KiiRe, readiiiR to O.OOIMIIO in. 

Five hundred cninmercial .screw.s can he iiispeeted per hour for jiitch 
diameter, root clearance, pitch of thread, crest diameter, anil accuracy 
of lead. Cumulative errors in diameter and lead are instantly 
detected. 
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Fijriiio 40 Nlun\s a nunihoi ol inirio'^fo'ii's ami roin|):n'!itoi-^ in (lie 
liilioriitnry jil tlu* Lni\L‘iNity of Mirlntiiin Finiiti' 41. another 



?"if. 41 \ SuMiou of the Labinalarv illbi I ^l^nslt^ af Mirhi^ini, ^hl)^MnK 

tiniiii Pm risiaii Marbmis 

Nil 1 Tritt anil Wliitiir\ ^iipi rum rmiK ti i uf K in ripirilv ki\ nm rt iilincs In 0 nilOl in 

Nil 2 IM lit mil Wliilni \ nii n''nriniE in n him uilh a i iirni it\ i T IH in jri\ mu 11 mliiiKs tu R rNKllll in 

Nn 1 Krii»n iinil Shiirpi ili\ iilina hi iii siirh i>s ih iisi il nii tiiiix i rs il nulling in Vilnius 

Nil 4 \ inr II (liM liniE hi 111 mn h tsi w lin h is ii tiliiii;s tu I su nf mi 

Nil 'i liiiiis mill Lmiisiiii puli stul-1> pi iiniji i liini i oiiipiinitnr anil iiii isniiiii' iniirhiiii 

Mil b \ master sinfiu pi iti shinunR a \ am M of tnulh iisul in ihnkiiia t lai s 

^le^^ in tile same liihuiaton, iiirluile‘s a laim suil.ne ])lale .mil ar- 
cessories anil a nuiiihei ol nieasuiiii;; inaeliiiie^ nienlilieil in the le^enil. 


QUESTIONS 

1. \Mn1 IS till rniliil siiir- s|.tniliiil iinil nl 

2. Until i \\lii1 I uiiililinns iii iiii isiin inr ills el linKlIi supiinsni In bp 
si mil II il' 

3. (rf) AAli.l1 is till Miiipli I itin nf llir null in iiiilliiin 1 r i s fin iniliisin ' 
(Fi) AAlin I sj iblislii il this lalin' 

4. AA lull IS nil ml In i iiiiasuiiiiK iiisliiiiuiiil ' 

5. AA h it is nil ml In a n ifii ' 

6. \Mial an llir si \ 11 il ]iiiiiiiplps iisnl in iiiiasiiiinK iiistiuiiii ills fni iIpIlm- 
iiiinmK liiiiai nir.isuif iiii ills ' 

7. AA hat IS a liiiiit paRP' 

B. Exiilain tin usi of a smi bai 

9. AA’hat IS an opliial nnasminR 10*^11111111 nl"'' (ii\ p Ihipp p\aiiiplp& 

10. AA hat IS lilt ant by lighl-wa\c mteifoipnip and is it uspil foi measuring 
thp length of a pait? 
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11. Clii8.siry gtiKHs in(n tivi' insiiii |i;i'ciups. 

12. Whal iH mnaiit hy hasii- sizn, lult'raiin*. allow.ini-i;, niiniinal size, anil liinils? 

13. What is inraill by mriniifjirturn iif inhM-r'liaiiKi'iiblr; parls, srlnrtivR aswnibly. 
anrl assembly by fittinK? 

14. Explain thi; iliUnri'ni'R Ix'Iwimmi shnp, insjii'fliuii, ami iiiasler Kafirs. 

15. What is mranl by a riinijinunrl aii^le anrl how is it ublaineil in (he tool¬ 
room? 

16. Explain how a sianw (hrivaii is mnasuieii: (a) ihreail angle; (b) threail 
lead ami piieh; (cO piieh diameter; (r/) whieh is the more aeeurale method of 
measuring the piti-h diameter, the three-wire metJiod or the projection method 
using a toalrnaker’s microscope? 

17. What three methods of determining the tolcrani-es of limit plug gages are 
used? 

IB. Design f/o and ntd gn inspection snap gages for a l-in.-diam. shaft witii an 
allowance of 0.001 in. if the tolerance is 0.002 in., by eaidi of the three methods 
used for gage designing. 

19. Design a set of working snap gages for the shaft given in the above 
problem, by all thi ee methods of gage de.sign. 
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CHAPTER XIX 

DRIVES FOR MACHINE TOOLS 

Machine tools are driven almost universally by electric motors. 
Each machine may be driven indh idually by its own motors or driven 
by belt Iroiii a line shaft furnishing jiower to other machine tools as 
well. The direct-firive motor may drive the machine drive shaft 
through direct coujding or by belt, chain, gears, or through some 
multi- or variable-speed transmission. 

Group Versus Individual Machine-Tool Drive 

Individual and group drive each has its own province wliere its 
superiority is sehlnni questioned. There is, however, a great miildle 
ground. The choice should be based on the careful consideration of 
(1) conqiarative first cost, (2) total annual operating expenses, and 
(3) such minor advantages and ilisadvantages from the production 
standpoint as can be foreseen from experience in similar installations. 
Individual drive should be used in areas reipiiring overhead-crane 
service; on macliines wliich would recpiin* countershafts if grouped 
and are likely to be nioverl frequently as activity in departments 
varies; on machines that ref|uire considerable power, say 20 Iqi or 
more, operating at a fairly full constant load; on a few machines 
scatteretl over a large area; and in instances whia-e the requirements 
of production or materials handling are best met by locating machines 
at odd angles. EMachines requiring wide speed variation.s also are best 
driven by indivitlual drive. In complex machines, various movements 
are synchronized better electrically than mechanically. Working 
hazard is reduced and cleanliness and lighting are improved by direct- 
motor drive. 

Group drive is most suitable where power consumption of indi¬ 
vidual machines is extremely variable, with occasional brief high 
|)eaks. Group-drive motors are often mounted overhead. This limits 
their size to 100 hp, or preferably not over 50 hf), as they are un¬ 
wieldy to replace in case of failure. Group drive is usually more 
economical in fixed charges, power consumption, ami maintenance. 
The use of a wattmeter to determine power sufiplierl to motors is 
helpful in deciding wdiether group or individual drive is more eco¬ 
nomical. Each drive .dioiihl be .«electei| on its owm merits. 
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Electric Motors 

Most j)r(;SL‘iit-day machine tools are equipped with improved types 
of individual electric drives and controls designed to i)rovide (1) more 
j)ower, (2j higlier spindle speeds, (3) gn‘ater simplicity of operation, 
(4) better-controlled oijcrating flexibility, (5) improved reliability 
resulting in rediirerl niaintenance, and l6j greater safety to the opera¬ 
tor and work. The i)roperly designed electric drive centralizes con¬ 
trol in one or more stations which are interlocked for safety. Push 
buttons and small levers give the operator complete control of even the 
highest-powered machine tool. 

Electric motors are made to operate on two types of current, alter¬ 
nating and diri'ct, known as a-c anil d-c. Tsually power is furnisheil 
to plants in the rorin id' alternating current, so that the majority of 
motors operate on this current. If direct (‘urrent is needed for souu' 
specific jniriiose, such as o|)erating eh'ctric chucks or d-c motors to 
proviile extra-wide speeil range or severe accelerating or reversing 
duty, then a motor-geneiator set, rectifier, or convertor is installed to 
proviile d-c currc'nt for eiich il-c motor, or a single large d-c generator 
may be installeil to ojiei'ate all d-c equipment in the plant. 

Horsepower Ratings 

The following standard sizes of small-power motors of both direct 
and alternating eurreid are sufficient for jiractically all requirements of 
machine tools: 's, lij, !/4- V:i, V*!- ’V\^ iinil 1. For the large- 

power polyjihase induetioii motors and d-c motors tlie horsejiower 
ratings are as follows: ^/U, 1, 1 i/j, 2, 3, 5, 71 / 0 , 10, 15, 20, 25, 30, 40, 

50, 00, 75, 100, 125, 150, and 200. 

Voltage 

For d-e motors, 230 volts are most generally used. There is still 
some 115-volt direel current in use, however. For a-c single-phase 
small-power motors, 115 volts are used, as most domestic jiower is of 
this voltage and jihase. These motors are also made for 230 volts. 
Most large-power three-phase motors operate on 110, 208, 220. 440, 
550, or ev(*n 2,300 volts. Tliosc generally used on maehine tools are 
wired 220/ 440 so that they may be operated on either voltage. 

Phase 

In general, three-phase current is standard for power purposes. 
Motors up to 25 hp may be operated on single phase, as are most sinall- 
power a-c motors. 
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Frequency 

Sixty mid 25 cycles jier second are cimsidered standard for constant- 
speed a-c motors. Systems of 50 cycles are found in southern (>ali- 
fornia and in forei^^n countries. Sixty-cycle motors will ojierate on 
50 cycles at the same volla^iie with moililied characteristics. Small 
very hifili-sjieed motors operate on higher fre(|uency obtained by tlic 
use of [reipieney eonvertoi s or alternators. 

Types of Motors 

Alternating-current motors are available in a luimlaM’ of types of 
frames or enclosuri's as follows: 

\u) 1*11)1 fM'Inl i)ni‘!i. ftir iiifisi |ri‘ni'r:il imliislrial iisp. This lyin- is prnln-tI'.I 
acainst lii|iiiil ami falling snliils. 

S|iljLsi)-i)itii)f, I'ui- ri'sisliiiy; drinpiiiy: iir splashiii»: liipiiils as I'lii f-■eiI imimI in 
liri'Wi'i'ic's. ilaii'ii's. ami rnml |ilai)is. 

(r) Ti)tally inilosi'il, fan i'ihiIimI. trir use* wlnai' aljiasivi's, iliisl. iliil, anil 
l•()^l'l)sivl• ijasps aif srvfri!. 

(f/) l'Nplr)si()n-prf)i)f. l■n^^llsi[l^-^^^sislin^, inntor parls iiiaili' nf nnnnii'rDsivi' 
iiu'tals. fill' iisi< in al Miosplirrrs i inilaiiiiiijf ^asiilim*. snl\ml N apois, nr nllicr i'\])li)- 
si> i' ^jasi's. 

(r) lOxjilnsii)n-)irm)f. In ri'sisi aOiinspliiM'rs millainiii^t ^r.ain. i-nal, nr rnkn ilnsi. 

Diri'Cl-curreiil motors ai‘e available in similar franu's. 

Mountings 

Motors may he mounted vertically or horizoiilally. Most vertically 
mounteil motors lia\'e ball-bearings. They may b(‘ attaelieil to the 
machiin* or base by the following methods: 

iu) Ri^irl iiiniiiiliiiK wliiai' l■l•Ill^■^ ilisiaiiiM>.'> :irf* fixi'fl. as in ui’ai- llri^■^■s. 

ih) Hi'silii'iil inniiiiling In absml) tlm viliralinn nf llir* nintnr. 

(f) Rigiil mniinhnK rm a hiipjcil plaic wliirli ran hr raisral nr Inwi'iiMl In aiijust 
belt tension. 

if!) Rigirl nunintin^ on rails so ilial llii> innliir ran sliile for ailjiistiiient. 

(r) Flange nr enil iiiniinlinK for ilirerl ilrive In a sliafl. 

(/) The foul less lyjie for flanise nr verliral niniinlinK. 

Motors have various speed characteristics as follow.?: 

(a) Constant-speed induction motors with a .sniall speccl slip of 3-4 
per cent at full load, and d-c .<hunt motors at constant armature 
voltage and fixed field current. 

(hi Multi-speed 60-rycle induction motor? with primary winrling 
to provide variou.? polo groupings to give, 3,600, 1,800, 1,200, 900, 720, 
and 600 rpm, depending on the number of pole.? of 2, 4, 6, 8, 10, and 
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12. Fiill-luud spiiccl is approxiniMtdy 3-4 per rent less than those 
.synchniiious-speed values. 

(c) Adjustable-speed motors consisting of the following: 

1. AiljuHtablf!-Hi)ec;fl il-i; nintors iirr slandardiziMl for lhrL*p rsinRes of si)rpi 1 
havinK riilios of 2-1, 3-1, and 4-1. HifsIuM' runEfs may hr obtaincnl. Tlinsr 
speodM riLnEt' fi'iMii 600 Lo 1,200 and froiii 750 hi 1,500 fur Hid 2 1 iiinEr, 500 to 
1,500 and 400 to 1,200 ror ilic 3-1 raiiEi'. and 400 tu 1,600 for thn 4-1 raiiEi'. 

2. Tlif Gniif'ral ElpiMrif Co. ACA ailjii.slablD-.S|U‘Dil indufliun mol or opfialDs on 
a-n jiowDi' williOLil any l■onv(M'sil)n (>[|iii]imi'iiL It lias sliding liriisliDs to e^vi? a 
spiMMl liinEf of 3 1 for coniiniioiis ojicralion, anil up to 20-1 for intcrinittnnt 
operalioii. Thn dufsiEniMl-in shunt cliarai'loristics laiabln tliis unit to hold a sot 
speial within narrow limits rDEardhiss of luail chanEoK. Ai-cnlDiatiun and dL'cnlDia- 
lion arr srnootli and (piint, and standard XEMA framn [limnnsions are used. 
Tin* spfM'd is controlli'd by a small hand wlirad mounlod on the motor or by a 
rcinoln flexible cabin wilh a Vnriiinr spend indicalor. The wound-rotor motors 
have similar charai'teristics. 

3. The d-c iimtor which oiierates from a-c pnwf‘r (known as the (I. E. Sjieed 
Variator) providi’S a sjieeil rariEf’ of S-1 or more by varyiiiE the voltaEe. 

4. The (deidronic siiei'd \ariiilor proN'ides a wide speed laiiEi' and is used for 
thn 15-60-hi) rariEi* of molors. 

5. The General I'jlecliic Co. Tliy-Mo-Trol adjustable-s]U‘nd eleclionic motor 
drive consisis of a d-c idectrii* motor on tin* machine Inol, with (dei*!ionic controls 
for eonverliiiE a-c lo d-c powiT and for varyiiiE the voltaEcs in the field and 
armaluri', as di’scribed under 6. These eli'idionic drives ari‘ solil coinmeri'ially 
also as the WestiiiEhouse ManufacturinE Co. Mot-o-trol and the W'rdtronic. This 
ilrivf' Ei' i’s 10(1-1 spi'ed ranEe and holds tin' sjieed reEardless of load. 

6. 'Pin* rolary unit of mol or Eeni'ialor w'ilh flelil excitor (Ward-Leonaril Syslt'iii) 
controls thi' d-i* drive mol or insliNid of the eh'clronii* tubes for voltaEC control 
as mnitioiir'd under 4. )N'ilh bolh Ihe rotary miil and liibi* conirol, the \ ollaEe of 
till' armature may be varii'd so llial an infinite speed variation of an 8-1 range up 
lo the base speed is obi aim'd at conslani loriiui'. Thi' higher range of speeds is 
obtaiiii'd by varying the voltage in the field lo gi^ e inlinili’ sjii'i'ils from base to 
maximum. This unit is sold as Ihi' V-S drive by the Reliance Electric and 
Maiiufiieluriiig Co. 

id) Wlu'ii spi'cils lower tluin Hu* synrhronuiis tin* requiiTtl, a gear 
reiliu’tion i.s built into the motor hoiising. These are known as geared 
motors anil give any desired speed reduction. 

Types of Motor Windings 

Snuill-power motors are made with a large number of dilTerent tyi)es 
of windings to give peculiar starling and running charaeteristirs. The 
small-pnwer motor of the universal type is so wound tiiat it may be 
used on either a-i* or d-c cniTeiit. The single-phase, shaded pole fan 
duty motor is designed to drive direct-connected iiropeller fans. A cast- 
aluminum squirrel-cagc rotor is the only moving part. The d-c motor 
is a shunt or compound wound motor, which by var>ung the voltage of 
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the field permits a wide variation in the sj)eed, in steps depending 
on the di^dsions of the rheostat. The starting torque is 500 per rent of 
full-loud torriiie. Induction-type motors are made in three general 
types, such as: 

(n) The repulsion-start, induction operating motor is a single¬ 
phase brush lifting motor suitable for apjdieations requiring very high 
starting (orqiie with low starting eurront. It is suitable for driving 
maehines with high inertia or inaehines having exeessive frietion in 
starting, sueli as iiieehanieal refrigerators, air eom|)ressors in gas sta¬ 
tions, jmmps, conveyors, and various machine tools. 

t/ii The capacitor-start, induction, single-phase motor is siiitabh 
Avhen high starting tonpie with normal starting current is rerpnred, as 
on iiu'chanical refrigi'iators, oil ljurners, and appliances having fairh’ 
heavy si acting loarls. 

ff) The split-phase, induction motor is a single-phase iii.iUir suit- 
ahle for low starting torriiu*, required of office, factory, am! l^'iusehulil 
apiiliances. 

I rh The a-c squirrel-cage, hxed-speed induction motor the 
most gein'raJly used on machine tools. The “ off-the-shelf’’ ilesign 
will start, stop, and reverse. The a-c motors can be reversed fre¬ 
quently as riMpiired in taiiping, in whicli rase a great amount of 
heat must be dissipated. The full-load toniue in pound-feet is 
hj) X 5,250/rpm. This full-load torque is developeii at the full-load 
speed wliich is 3 or 4 per cent below the .synclironoiis. In these motors 
the toniue is defined at four points of the torr|ue-si)eefl curve as 
follows: 

1. Tlin starting f)r hr(>;ikMW!iy lorruir' is jitmul 200 |)f‘r tciil iif I lit* fiill-liiail 

tnriiiip. 

2. Till* minimum I'r inill-ufi at iitmnl 20 jut i-itU synrliitinf)ii.s 

siu’fMl is mImhiI iso piT fi'nl of Ihi- fidt-lnail lori|iii-. 

-t. Tiu' maximum iir piill-inil m-iaiirini: jiI nijmil HO pi'r rr*nl. of syii- 

clirrmnus sjifiMl is aljinil 300 imt i-raii of full-loail lorrpu*. 

4. Tilt' full-load torque of KKI iior i-nnl iifiairs al llif full-lo.iil sptM'il. 

These motors are ilesigned with several ilifTerent characteristics as 
follow.s; 

(^ 7 ) The .^tanrlanl g('nrnil-jnirpo.sr Do.sign B iiiolnr.s havo low starting lairiT'iit.. 
normal lornup. anri normal sli]j. Thrir field of applir alion is Viroafi and includes 
llip driving of fans, blownrs. pumps. anrI marliiiip tools. TIipsp motors are 
u.sually proviilnd wirh t-lutilips i^o that Itip motor oblains full sjippd bpfnre picking 
up the load or on mafhinps wIipit’ tJip si acting load i.s light. 

ib) Design C motors having high brpakaw'uy toriiiip. low slarting current, and 
normal .spppd sliji arp advantagpou.s for hard-to-.^tari applications, such as driving 
plunger pumps, conveyors, and cnmprr.ssors. The hreakaw'ay tnrqup of 225 
per cpnl of full-load torriun is n.'snally higher than Ihe maximum or pull-out. 
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(n) Special-purpose motors, Design F, have lower torque than type a above at 
all points Eixcept at full load. Their field of application is found where starting 
current limitations are severe and both breakaway- and maximum-torque require- 
inents are low, as when required to drive fans and compressors with unloading 
devices and for the smooth starting of low-inertia machines such as sandcrs and 
band saws. 

([/) High-slip motors, Design D, have high starting and pull-up torque for 
continuous use. The slip of 7-15 pi*r cent with a starting torque of about 300 
per cent full load is recommended for continuous use on machinery such as 
presses, shears, bolt heailers, and heavy-inertia machinery, where it is desired to 
make use of the energy storeil in a fly wheel under conditions of heavy fluctuation 
of load, 

(f) High torque, very high-slip motors, Dc;sign D, for intermittent use as for 
rapid travi'ising anil for high loads for .short i)erioils of time. 

(/) High tiirqiie, many reviMsal iiintois fur direct drive on drilling and tapping 
machines requiiing 40-60 reversals per minuLe. 

Motor Specifications 

In spucifying any iiuiliir, the horsepower, sjieed, and power supply 
eonsisting of the j)has(‘, frerpienry, and volts should he given. The 
duty, whether eoiitinuous, intermittent, or reversing, should be de- 
serilied- The ty|)e of eiielosure or frame, such as open, drip-proof, 
totally enclosed, or explosion-proof, and the apidication of the motor 
shoidtl he indicated. The frame size should he specified so as to 
make sure that it will he iiilerehangeable with other motetrs wliinh 
replace it, as mottirs of a given rating may he in different frame sizes. 
Siieeial features sliouhl lie ilescribed: single- or douhli‘-end shafts, plain 
or liall-l)earing, ;ind mounting — whether horizontal or vertical, and 
whether on a fixed or resilient base. 

Units for Motor Control 

For installing motors, a variety of accessories is needetl. The dia¬ 
gram of a motor circuit, Fig. 1, sliows the lunimil setup of a motor for 
machine-tool operation, consisting of the following in order: 

A, the three-line power .supply. 

B, the motor circuit-disconnect knifeswitch. 

fuses or circuit breaker (provides short-circuit jjrotection). 

D, motor starter (magnetic or manuall. 

E, relay heaters (to provirlc overload protection). 

F, the motor. 

The knifeswitch makes it jiossible to disconnect the whole circuit of 
the machine for inainteiiance work. Sometimes the fuses are placed 
with others in a centralized i)anel, in whirh ea.se the fuses are “hot,’’ 
being in front of the knifeswileh located at the machine. Protection 
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t(i the motor, starter, and heaters apainst sliorl eirriiits must be pro- 
virled by means ol’ these line fuses ur eireuit breakers, wliieli open the 
circuit immediately when excessively heavy currents are encountered. 

The starter for any piven motor shniild have a horsepnwer or 
ainperaije rating etjual to or ^rreater llian that of the motor. The 
voltage ratings, jihase, ami current char¬ 
acteristics of the starter should corre- 
sponrl to the |)ower circuit. Most 
starters have thermal overload relays 
of the melting alloy, bimetallic, or mag¬ 
netic coils ill oil-dashpot tyiies. They 
arc normally closeil, so that in the event 
of overload the heat from the relay 
“ heater throws the starter into “ off ” 
position. Some fit these lhc‘rmal relays 
may be reset manually, and some may 
he automatic. In case of rept‘ated dis- 
comu'ction thi'oiigh the heater, the sys- 
U.'in shoidd he cai’efully examined, as the 
machine may he overloadetl or the wir¬ 
ing incoi’rectly installed. 

Many generally iiseil electrical devii-es 
arc‘ available for motor and cycle con¬ 
trol, as follows. Starters may operate 
on the jiower circuit or on a reduced 
voltagi* control circuit. Limit switches 
operate mechanir'ally to initiate a func¬ 
tion during the machine cycle by 
oiiening or closing pilot control cir¬ 
cuits. Selector switches determine the 
seiiuence of o])erations and at times 
make parts of the control system inop¬ 
erative. Timing devices are used to slow down oni' sepuence of opera¬ 
tion in relation to another, allowing one function to take i)lMce ahead 
of the other, and counters are used to ])retleterminc a number of opera¬ 
tions to take place before another scries of oiierations can be performeil. 
Solenoids furnish a means of obtaining straight-line motions of limited 
stroke and i)OAver. They are used to operate line contactors and con¬ 
trol valves when energized by means of a pusli button or limit switch. 

Float switches, pre.ssure switelies, magnetic clutches, magnetic 
brakes, inilicating lights, and micro.switchcs to determine length of 
travel are used in many electrical circuits. Terminal blocks group 


A 



Cirurtftojf TnimUutl kHerlrir Mrtiiu/nrlur- 
itifj (’ m , 

Tii;. 1. Diajn'iiiii Sliiiwiiig I li)w 
till* pDVVcr Siijiply Inr 'riiriM*- 
Plinsc liuluctiru) Mt)(i)ris 'rakni 
Irimi I 111* Pi»wiT Tiiiii* A, Psissi'il 
llirDii^li llin Moli)r-I)i.siMiiiTiiTa 
Swilpli Ji, Ihr I’uscs i»r 

UiiTiiil HrciikiT (\ Tlini IhrrmKli 
ihi* Magni'lir Stiirlrr K 

anil I), Ihrim^h thi* l{i;lay 
llralrrs K, In llii* Mninr F. 

'J'lii' |iii.s|i-liiit Inn stiirt-aiiil-Htn|i iiuiii- 
iml .siiiriiT IN nIiuwi) in tin; hKlit nf llic 
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all power and control wirinR in the control panel for external connec¬ 
tion. 

A relay consists of contact points, normally closed or open, and a 
solenoid w^hich can be operated from some outside source, such as a 
start button, a limit or basic switch, or a thermal or pressure element. 
Basic switches may be actuated in many ways, such as by stops on 
a machine tool slide to determine the end of the movement, a chanj^e 
in rate of feed, a door open or a fixture closed, and lighting a pilot 
light. An overload relay is a device wdiich operates at a i)redeter- 
mined current value to open a magnetic circuit of a contactor or to 
trip a mechanical device for breaking the line circuit. These relays 
may be instantaneous or have a time delay dependent ujion the excess 
of current above a predetermined value. They may be of the magnetic 
or thermal tyi)e. The former is tripi)ed by the magnetic pull of a 
solenoid, and the hitter hy the heating effect of current i)assiiig through 
a thermal element. This heat may bend a bimetallic strip or melt an 
alloy anil release a ratchet and latch. 

A push-button starter furnishes the safest and easiest way of start¬ 
ing and stojiping a motor, Figs. 1, 2, and 3. When a reduced voltage 
starter is used, the accelerating period is predetermined and not 
controlled by the ojierator. A jmsh-button station is small and can 
be mounted at a point convenient for the operator. Starters can be 
manually, magnetically, float, or pressure-switch operated. The 
simple manual start and stop starter has two imsh buttons or a single 
lever. Other buttons may be added for reversing, magnetic breaking, 
plugging, or jogging. Starters are available in several tyi)es of en¬ 
closures, such as the general-purpose, water-tight, semi- and fully 
dust-proof, and exiilosion-iiroof. rush-button starters also are used 
to ojierate electrically controlled, hydraulic or i)neuinatic equipment 
and accessories which i)erform some function such as work clamping 
or opening and closing guards. 

Three-wire-control starting involves a start-stop push-button starter 
and solenoid contactor all working on the i)riniary circuit as shown in 
Fig. 1. The closing of the start-button contact completes the starting 
circuit, and the contactor closes the circuit through the stop contact 
which is normally closed, ^^'hen the stop contact is opened the con¬ 
tactor opens and the motor circuit is broken. 

Figure 2 shows a control circuit for a single motor of the three-phase 
induction type, such as one used on a machine tool. The power 
circuit is of 440 volts, 60 cycles, and 3 idiase. A transformer is 
used to reduce the power voltage from 440 volts to 110 volts, on 
which the control circuit operates for safety to the operator and for 
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longer life of the contact ])oiiits. The start button closes the circuit 
(\~C.j which causes ti)e cnil uf the magnetic starter in the primary to 
close. Thermal OA’crloails TO arc iiulicated to protect the motor from 
excc.ssivc heating. When these operate, they open the normally closed 
(.VC) switches which release the normally closed stoj) button. 

Power 

Line 



Kiu. 2. A Line DiiiKrjiin uf (he Sl:irl-aiul-Slrn) ( rnitrul Cimiil. fur FuriiishiiiK 
PfiwiT 1(1 ;i Singh' Muliir. 

Till? ii^tart lull I nil i.s iiiiniiitlly iijitai (N. ().). 

Figui-e sliows a similar diagram for two interlockcil motors of a 
machine, so that if the .swindle motor is stopped the feeil motor also will 
stop. 

Mechanical Variable-Speed Transmissions 

There are a number of devices now used, of both the mechanical anti 
hydraulic types, which will firovide speed changes over a wide range. 
These devices u.sually are placed between the motor and the machine. 
The mechanical devices consist of the multispeed and infinitely vari¬ 
able-speed types. The former are usually of the sliding-gear type, 
built as a separate unit or as a unit integral with a motor up to 25-hp 
capacity, such as the Lima, to give four speeds. The Drive-All gives 
three or four speeds and is lielt-driven by a motor mounted at the 
rear. The variable-speed or output shaft drives the machine. 
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The Reeves Pulley Co.’s Vari-Speed transmission and the U. S. 
Elcctrieal Motors Co.’s Varidrive, Fig. 4, furnish infinitely variable 
speofls over a wide range. The constant-speed motor drives a pair of 
opposed cone pulleys on its extended shaft, at a constant speed. A belt 
with beveled edges connects this set of pulleys to a second set. As the 



I'li;. 3. A Ijiiic DiMKi'iiiii uf a Hlurt-iuul-Stop Contnil (Circuit for Furnishing Power 
Ut the 8piiulle Motor of a Milling Muchiiie. 

A Mi'imnitP Htart-iinil-Mtrip RiintrnI ('irriiit in proviilcd fiir tin* tubln fmil iniitiir. Thin nl^n hHowr how 
an iiiNtuiitiiiifiiuH uvorluad (1. O.) will uiieii thi* niriniit iif tin? fniul iiintor mIioiiIlI the Hpindle inutur be 

HtOIIIM**!. 

Theniiiil overload (T. 0.), iiiHtantuiieous overload (1. O.), and circuit relay (C. R.). 


hand wheel is turned, one set of pulleys is inoverl apart and the second 
set is moved together. As the effective pitch diameter of the constant- 
speed set ol‘ jnilleys is increased, that of the second set is reduced ami 
the rpm of the driven shaft is increased. The Master Electric Co.’s 
Speed Ranger operates on the principle of two pairs of opposed cone 
pulleys. A steel ring having beveled internal edges to match the 
cone angles serves as a belt. The Graham Variahle-Speed ilrive has 
a built-in motor to drive a rotating planetary gear system. This 
system carries two tapered rollers bearing against a nonrotating ring 
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which provides infinitely variable speeds to the luitjmt shaft as it is 
moved alonp; the tapereil rollers. The Allis-C'halmers Alanufarturing 
Co.'s Vari-Pitch sheaves o|ierate with V belts. The pitch of the 
sheave can be Aaried to tijive any desired belt speed by bringing the 
oi)posed cones of tlie pulley together for greater pitch diameter and by 
moving them apart for snialhu' diameter. 

Hydraulics for Machine Tools 

llyilraiilie-oil fc*ed or sj)eed iiieehani.sms are being used increasingly 
on iiietal-ciitfing ami forming machines. If straight-line nr recipro¬ 
cating motion is desired, the j)ressiire is aj)plierl to a j)iston in a 



Fiii. 4. The Flallgc-^^mlIl(^Ml. Coii.sIsiiiI-SjiimhI Mulor, Huilt liili;griil with Ihu 
" Viiriilrivr ” Varialjlr-SpiMMl 'rraii.siiiis.siiiii. 

Till? rHrctivi' ilriviiin [limiirtiT uf thi' i»iilli*ys is rliuiiKeil liy mnviiiK llic niiiL* |iiilli.*y.s ijf iiiii? Mi;t to- 
Ki'lliiT ami tliDSf uf till* snf.ijiirl .set muirt. TIm> unit, us sluiwii, i.s si*t fur IukIi ijiil|iiit s|iih?iI. 

cylinder. If rotary motion is de.sired, the pres.^ure 'i> ajiplied to .somi* 
form of rotary engine. The rale of niovemenl nr feeil of the work 
is controlled by the volume of [)il used. 

In a typical cycle for feeding, as in the case of a drilling head or 
milling table, the table may (li advance rapidly to engage the tool 
and work, (2) change to power feed for the cut (this feed may be 
ronstant or varied in the cut to suit the condition), (3) dwell at the 
end of the cut to clean up, (4) return rapidly to the starting position, 

* Takf‘11 largnly frnin jjiijilm’, '* Hyriniulifs for Mai'liinr Tools," by Mr. M. J. 
Tuub, Vickers, Inr.. with hi.s lUTiiiission. 
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and (5) stop or repeat the cycle. A typical circuit is illustrated in 
Fig. 5. 

Within the machine-tool field there arc various subdivisions of hy¬ 
draulic power application and control as defined by the type of 
machine or process, such as turning, milling, grinding, boring, drilling, 
molding, anrl pressing. Although characteristic requirements are 
common to several or all of these, each one will be found to use one or 
more types of control units more frequently than the others. Ac¬ 
cordingly, .st)me i)uiiii)s and valves become more or less identified with 
a class of ap])lication. 


Mmuil Rsveruni Lrnir 


RBversing CHm| 



Prassurc Adjustment 


Cylindw 

IShcMm Out uf nnition for ClarHyK^ 

. 


ri. Vickers 

y Bilinced Vane Type 
J Rotary Pump 


OPERATING SEQUENCE 

1 - Reciprocation of table or haad is startad by operator moving 
stop lover clockwise against adjustable limit stop. 

2- Setting of adjustable limit stop determines maNimum now 
rate and speed of reciprocation. 

3- Table or hwd reciprocates continuously between limits 
determined by position of reversing cams “A" and 
"B” which contact levers "Y" and "N" respectively at 
the right and left- hand limits of reciprocation. 

4- Reciprocation is stopped by operator.moving manual stop 
lever counter-clockwise. Pump pressure drops between 
working cycles. 

Manual stop lever may be used hir emergency 
or set-up purposes. 

Fi(i. 5. Diii|j;rMiu of a Typical Hydraulic (Circuit as Applied to a Machine Tool in 
W hich a (.’oii-stant-Dclivcry Fuinp Is I’.scd. 

Vicki'rs MiTii'N (V 12Rn panrltt urr iudl'iI tu cuuml’ tin* reciprucatiuii of tablp nr head. 



p]iich nf Hu'sf prucivssos hus inu* nr innn* j)pculiaiitit‘s, snmc of wliiph 
tiro us follows: 

Turning inlion'iitly retiuiri'S accurate feed rates, and in addition 
almost as universally requires quick approach of the tool to tlie work 
(or the work to the tool) and, probably, rapid retraction. 

^lining includes the above but immediately branches into out-cut or 
in-cut milling. Particular attention must be given to this practice to 
avniil tool breakage. 

Grinding usually requires a constant, uniform reciprocating cycle 
and exhibits the need for smooth accurate reversals. 
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Boring is very similar to turning and in smne cases to milling, but 
in the large machine, handling work several feet in diameter, it fre¬ 
quently demanrls iump feeds. Provision for this requirement avoids 
LMKstly lost time due to rotating llie wiu’k at feeil rate during the time 
no useful work is being done, as when tlie tool clears a i)ad and will not 
work again until the next one rotates arouinl to it. Accordingly trav¬ 
erse s])e(‘il is provided for this inirtion. 

Drilling retiuires many of the foregoing leatures, but one peculiarity 
is tbe tendiuicy tor the drills to ]uill forward as they break through. 
This IS similar to in-cut milling, and both rerpnre a ridanling loree in 
most cases. 

Pressing can bi‘ any of many types such as lorming. straightening, 
cxtruiling. The outstanding characteristic is its usual retiuirement for 
more power, hence more consideration of control of the power lo avoid 
undue h(*al. 

livery circuit requires a |)ower sourct*. and in this (iehi it is a ))unii); 
electrically it is the motor. Provision must be made to pri*vent o\ er- 
loads, so the next ria[uireim‘nt is a relief ^'^ll^■l‘ or pressure control 
comjiarablc electrically to a fuse. Then, to use the power availal)le, 
something must be proviiled lo eonlnd tiu‘ rlireclion of fluid flow, hence 
some form of directional valv(‘ comparable electrically to any td’ a 
variety of switches. 

Many types of valvt's are iis(‘d, hut always as modifying factors. 
They jirovide for the intermediate actions ami precision control rlic- 
tated by the S])ecific application. In addilicm then' are certain pro¬ 
visions for fluid flow which are considereil gooil practice. Except 
under unusual circumstances, it is well to select llu‘ jiipi* or tubing 
size to provide rates of about 2-5 fps in suction lint's, and not more 
than 15-20 fjis in pressure lines. Kxi*eeding the former rate is apt 
to lead to cavitation, and tlie latter may lead to unrlue pressurt* loss. 

Fluid temperature is normally considert'd best at 90-130 ' F. In 
aircraft and mobile afiplicatioiis there may be a wide variation in 
ambient temperatures. Tein|)eraturi* variation is important, and since 
all slippage varies with temperature, a balance must l)e attaiiUMl at 
some reasonable point. The oil irnlustry has formulated fluids of 
various characteristics adaptable to the conililions encountered. A 
hydraulic oil of 200-250 SSU at KW F is generally used. 

There are no fixed rules a.s to when cooling jirovision should be in- 
corj)orated by the designer of llie machine. He has several factors to 
contend with, among them tlie inherent eharacteristie of the macliinc 
as judged by its operating cycle; the size arnl location of the reservoir; 
and the overload that will be imposed. Previous ex|)cricncc is a 



724 


DRIVES FOR MACHINE TOOLS 


fairly goorl guirle, hut special provision should he made if more than an 
average of 2-3 hp in the form of heat is to he dissipaterl. This assumes 
reasonable air circulation and a capacity ai)i)rnximately twice that of 
the pump in gallons per minute, hut in no case less than 1,5-20 gal. 
Tlie flesign should he morlifieil in terms of greater or less tank capacity 
and he in conformance with any unusual insulation conrlitions which 
may exist. 

Factors involverl in the deterniination heat are ])ressure values 
anil their duratiim a( various levels, immj) and valve efficiencies, cycle 
characteristics, and type of jninips and valves selecterl. Operating 
pressures vary rather widely in terms of the over-all machine-tool in¬ 
dustry, hut there are certain ranges which havt' hecume identified with 
types of machines. Turning, horing, drilling, and milling systems us\i- 
ally operate at .500-1,000 i)si. 0rinding seems to lend itself to pressures 
of 200-300 psi. Molding machines are most freipiently satisfied at 
800-1,000 psi. Presses most often work in the range of 1,000-^,000 or 
possibly 3,.500 psi. 

The range of operating speeds varies rathi‘r wiihdy, and there are no 
definite rules to follow. The operation to he performed, the mass to 
he moved, the cycle, reversal recpiirements, etc., all entcT into deter¬ 
mining whether there are particular limits. In general the maximum 
alhjwahle speed is sjimewhat greater than that ilemandetl hy the 
o|ieralion ami therefore does not n‘pn‘sent a problem. Ht)wever, im- 
proper selection of valve sizes can cause ilifficulty even when the 
sf)eeil itself is well within range. 

Feed rates are controlled hy either of two methods. Selection of 
the method is governed primarily hy the amount of power involved and 
the feed rate. The first method is to use a constant-delivery pump 
in conjunction with a flow-control valve. Fig. 6. This system allows 
only the amount of fluid consistent with the speed or feed rate 
desired to reach the cylinder. The second method is to use a 
variable-delivery pump which can he adjusted to deliver the exact 
quantity required, as illustrated in Fig. 7. The former is usually 
practical up to 4 or 5 hp, but under particular circumstances can be 
used appreciably beyond that. In the low horsepowtT range it is 
usually more practical as well as more economical to use the constant- 
delivery pump. Above 10-12 hp the variable-delivery pump will 
probably prove to be both more practical and more economical. In 
the range of 5-10 hp the decision must be based on the operation 
requirements, initial anti operating cost. 

The feed rate may be governed either hy the i)uini) displacement or 
by a compensated flow-control valve. With metering-out systems, 
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Fig. 6, the fimv-rontri)! valve serves tn lock the piston between two 
eoluimis of oil: the baek pressure on tl»e exhaust side of the piston 
varies inversely as the work resistance and jirevcnts overfeed when the 
tool “ breaks tlimugh ” or during in-eut milling. The pressure on the 
pump or pressure side of the system is generally eonstant, preadjusteil 
to the maximum thrust rcapurements of the tools. With metering-in 
systems. Fig. 7, a eonstant baek pres.<ure must be maintained on the 
exliaust oil from the eylindei* to loek the piston and prevent overfeeil 
when the tool tends to inill ahead into the wnrk. sueh a< when breaking 
through when drilling. With sueh systems the jiressure on the pump 


Constant- Mivary Vina 
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established fnr feed and traverse. In addition, the forces and power 
requirofl must be determined, after which the basic control circuit can 
be laid out. Selection of the pump and valves is then a matter of 
meeting the syieed, pressure, and control requirements. 

There is as yet no universally accejited nomenclature eovering the 
various types of pumps and valves in their entirety; however, those 
more commonly useil are irnduded in the following list. There are 
several thousand distinct sizes, types, and modifications. 


1. Tyiif.s III’ iiiini]is iiri' iis 

(ri) (ii'iir, i-DiLsliiiil ilisi)lMfpincnl 

(?;) Viini’, .siii^|p-slii|!:i' rniisliiiil fli.'^plsiirpment 

inn of 1 .snuill hiKli-])i'i‘.ssiii-p jinrl 1 hirpr low-jiiPHSurp piimp 
Two-shiup I'onsliint ili.splai-rMiii'nl with 1 [uiinp supr'rrlKirfsiniE tlip nllipr 
(f) rislon, or riulijil, rjin I)p pillicr cnn.slMnl or vminVili' ilis)iliii*piiipnl. 

2. Pii'.ssiirp-niiilrol vm1\i*.s rii’p for various purposes us follows; 

(r/) Rpliif \!il\'f, ilirppl spring Iriiiikul or rL'iriolc •s])ring louiloil with fiuiil 
i-onl rol 

(/)) Si'i|upni u valve 
(f) Tiiiip-iluluy vidvn 
(fO Prps.surp .switch 
(f ) I'lilosidinK vjilvr 
(/) CountI’lhulancp viilve 

3. Directional-cnnlrol valves inay be 1, 2, 3, 4, 5, or 6 way and of the following 
tyi)i's: 

(ff) Electricully operiited 

(h) Miiiumlly oppiatiul 

(rO IMlol n|M'rii(pd 

(f/) .Shul-olT ( ilecidtMMl ion) valve 

(f ) (^lipck \ jih p 

(/) Preiill \ !ilvps 

4. Flow-i’onlrol v.ulve.^*: 

tff) WWU ri'lief vulvp; Control oil to fluid mot or nr cylinder 

Coni rol oil from fluid mol or or I'ylinder 
(/)) Willioul relief viilve: Hlei'd olT lo resiMVoir 

5. Fluid molors of Ihi' roljiiy lyj»e: 

(rr) (ii'iir, consliiiil dis]diii-empiil 
(h) Viim\ consluni di.siduceiiu'iil 

(r) J’iston, viiriiible di.s]»l.ici'meiit und ronstiinl displiicement 

6. tVlinder for ])rovidiiig s]iped, fei'd, nr clamping 

Such units as panels in which particular combinatinns of the fore¬ 
going are grouped into one body are not included above, since these 
can all be duplicated by proper selection of separate units. Primarily 
these panels serve to facilitate installation, reduce piping and instal¬ 
lation cost, and improve appearance, but they are basically complete 
circuits composed of the separate units with drilled and cored passages 
replacing pipes as shown in Fig. 5. 
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Since there are fcAV fixed and firm rules pnvernin^ the application 
of hydraulic controls, it is somewhat diffiruU to select and illustrate 
some one circuit applicable to more than limited cases. The following 
are three exainj)lcs baseii on sjiccifications selected at random. The 
first two might apply in whole or in part to drilling, reaming, boring, 
milling, or turning. The third might be considered a basic forming 
l)rcss of fairly large tonnage. 

Exftinplr 1: Tho hvLliiiulir rin-uil fin- njirmlinp fiiiir ivliinli rs. hvn fur i l.'iinp- 
ing ti V»ar and Iwn for feeding in elerlric niutor-drivi'ii Inning lu'iids i\{ e:uli end. 
is .shown ill Fig. 8. 

Tin' cirriiit oinn-ales as follows: Al Ihe time of Innding. Ihe ciaininng lylinders, 
A and B, and the wen-k-hnad lylinders. C ami D. aie in Ihe relrarleil ]nisilinn a.s 
sliown. Tlie operalor shifts valve E lo position No. 1. ihiis ilirecling Ihe pri'.ssiiic' 



Fig. 8. A Hydraulie Circuit for Operating Two (-lamping ( ylinders and Two l‘'ei‘il 
Cylinders for Ihiring tlie Ends of a Tulie. 

A Btnndunl pankuKi'd puwL'r unit Ls u.'jihI. whinh [■.iiiiHisl!^ nf a hydruulin iniiiip driviai liy ii riunpliriK 
connRiriL'd eleririt; iiiuUjr, all niuuntRd un thn tiip uf an oil ruHorvoir. 

from the motor-driven pump to the head eml of Ihf hriring-hffid eylinrlers, caus¬ 
ing the boring head.« to ailvance lowaril the Avork. .Almost siiiinllaiieously, the 
trip dog antuales valve II to reverse valve G. Ihus direiling I he flnirl pressure to 
the head enil of the clamping cylinders. A and B. While the clamping heads are 
advancing, the Avork heads C and D are al rf.st, being held momi'iilarily by aid.ion 
of the .spqiiencp valvp F actuated from G. After the work piece is firmly clamped, 
the built-up pre.ssure again opens valve F, permitting oil to flow through valve E 
to the work-head cylinders, C and D. The work heads then cuiilinuc their 
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tiavprsn toward the work, rapidly sil first, until the straight-line cams X and Y 
actualP valvL\s ./ and K to reduce the traverse to feed. Head C should be 
somewhat later than head D to permit the latter to complete its work stroke 
first. When work head C completes its work stroke, the latch on valve E is 
released by trip Z and valve E is reversed, causing work heads C and D to 
retract rapidly. Near the end of the retuin stroke the tjip dog actuates valve II 
anil reverses valve G, causing the clamping heads A and B to retract and release 
the work, at which timt; all action ceases. 



Fill. 1). The ]']|ectrical Ciriuiit and Hydraulic Layout for an Electrically t'oiUrolled, 
Hydraulically Operated Drilling Machine to Ferforiii the CVcle Indicated at Ihe 

High I. 

Tim niiiiiKH (if the variiiUH art* iiiiiiiln*rrcl aa follnwH: /. Rrlay; 2. limit NW'itrli; Nnlimriid- 

upprateii ilinMaiuiiiil 4-way H|]riiiK-iM;nri*n.Hl vaivp; 4 . pump, Biiiall-vulumE liiiyrh prpBH;. 0 . pump, 
larKii-vulume low prisHs; 6. rpliid valve; 7. unloailiiiK valve; 8. cheek valve; 9. adjiistahle cam; 
JO. Hhut-uff valve (depresa Ui eloHe); //. counterhalance valve; 12. clieL:k valve; IS. Iluw-coiitrul 
valve; 14. atlj us table cam; IS. limit ewitch; 18. relay; 77. adjustable cam; JS. Hiiction filter. 


Example 2: The elei'lrical circuit for u hydrauliially operaled machine tool for 
drilling (or reaming, boring, turning, or milling) is shown in Fig. tl. The cycle is 
to be as follows: manual push-bulton start wilh ifipid Inv erse imlil the tool has 
reached the work; power feed is engaged and enniinues lo the enil of the working 
stroke. There is automatic witliilrutval of the Inol and rapid return to the 
starting point, where the iiiachine is automatically slopped. This cycle i.s shown 
diagrammatically at the right of the illustration. Emergency reverse and slop 
bultniis are incluiled in the electrical circuit. 

The various electrical and hydraulic elements are listed in the legend of Fig. 9. 
A description of the cycle is as follows: 

The cycle is started by depressing the start button. This energizes relay 1 
and in turn solenoid A of valve 5. Holding current for the relay is obtained 
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frum limit switch 2. Sincp. at tlip instani nf start, tlip latliM- is shiftpd, thn start 
buttuii is held for an instant until the rain tlrups off the swilrh, jun'inil(in^ it to 
rlosR. 

Knerpizinjs A rliipets thn fiiiiil finiii Violli ]uiiiips and .5 Ihrnuish valve 3 to 
the liLnid ('ml ol the i'ylindr*r. Fluid frniii pump passi's Tlinuiirh valve fi. whirh 
is adjuslt'd for tin' maxiinuiii di'sirt'd system piessme. At I his point it comliinpH 
with fluid from pump 5 whirh i^asses (hnmph valves 7 and .S’. Therefiire during 
this phase of tin' ryrle the eylinder pistnn advanec's at rapid haverse rate. 

Th(' exhaust fluiil jiassi's through vahes II and /o and d to the tank. Valve 
II serv(\« to eminlerhalanre the \v('ight of the head to i)revi'nl gravity ilrnp. 

As tlu' head mn> e.'i down, ram de]M'esses the ])hmger of valve Ifi just In'fore 
the tool readies the work. This shuts olT the flow through VK the fluid is rheekeil 
at 12, and the route is then (lirough /d and d to the tank. Valve IS is adjustr'l' 
to meter the fluid from tin* exhaust side of the cylindi'r at a rale ronsistent 
with till' di'siri'd fi'i'd rale. 

With Ihi' flow rontrol in operation, the (luanlily of fluid ri’riuired at the head 
end of tlie cylinder is less than the raparily of i>um|i ; ennsei|uenlly the nil 
pri'ssure will Iniild highi'r than tin* si'tling of valve 7. Tin* latter is .->1 jnsl high 
eiiougli for travi'rse, and as a re.suh it opens and fluiil from pimi]i d returns direrily 
to the tank at eireulfiting ju’essure. Valve .s’ doses at that lime and iiri’venls 
hark flow from pump 

On rnmiili'linn of tin' powt'r stroke, ram 1 di'pre.sses tlii' limit switch /.'T, whii'li 
in turn di'-eiit'igizes rel;iy / and solenoid -I. .At tin' .same time it eiii'igizi's ii'Iay 
If} and solenoid /V. Vidve d lln'ii diri'cts fliiiii froiii Inith inuops > and d through 
valves 12 and II to tlo' rod sidi’ of the cylinder for rajiiil ret urn. Valve 12, 
Ix'ing a dii'ck v aU f'. pi'i iiiits fri'e flow in tlu' direct ion of the arrow and l)y-|ia.sseB 
both ^'alves I(t and IS without restriction. 

On f'Dinpletion of the return sirokt' cam 17 depre.sse.s tlu' limit switidi which 
removes the current from relay I*} and in tmn sidi iioid J{. Val\e S then return.s 
to neulral, and the fluid from both imnips jia-sses tlirough it ilirectly to the tank 
at circulating jire.ssure. 

Push-bultoii rc'x’erse and stoji are matters of pro|M’r eh'ctlical hriok-ii]) to obtain 
the action dr'seribed for tlu' aulumalic cycle. 

Kxnmplr 3: The layout of the hydraulic eijuipmeiit for a largi' forming press 
is shown in Fig. 10. The siiecihiailinn is that llu' control i.s manual. A rapid 
traverSL' of the plalt'ii until it readii's the work is reiniirt'd. An automatic l■hangl‘ 
of traverse speed to ine.ssing .speed occurs at the tiirii' eontacl i.s made by t.lie 
platen with the work. .V ilescri]itirm of the i-yrde follows; 

The cycle i.s started by shifting the lever of valve d to direct the fluid from 
pump / to the head ends of the Iravt'ise cyliinlers. 

,\s contact i.s made with the work, pres.snre is built up. causing valve /3 to clr).sn 
and directing the fluid from the pump to the main ram cylinder as wi'll as In the 
two traverse cylinders. During I lie traverse jiortion of the .stroke, valvt? 5 i.s 
open to permit free flow of the fluid from the lank into Uie ram cylinder for 
prefilling purpose.s. 

On completion of the fonning stroke, valve d is .diifted to direct tlie fluid to 
the rod ends of the traverse cylinders, causing them to lift the iilali'n. 

At the end of the return .stroke, valvi' d is moved to neutral, at which time 
the fluid from the pump goes diri'ctly to the lank at circulating pre.s.sure. 

Valve 5 open.s for the return .stroke, permitting the fluid in the rain cylinder 
to flow directly to the tank. 
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Vtilvf* ,/ HFH-vos two piirpost'H; first it prnvRnls Kinvily ilrop of the platen ilurinK 
I lie ai.lvani;ing sti nke. sintl seronrl it holds the pluten in the “ up ” position during 
idle time. 

Pressure, and in turn the press tonnage, are determined by the adjustment 
of valve 2. 



h'lii. It). 'Du* Diagram of a Hydraulically Operateil, Heavy-Duty Press, Which is 
Maiiuiilly (-im(rolled with Aulomalie Change from Traverse Speed to Pressing Speed 
:il the Time of Ciinlael. biMwei'ii the Platen anil Work. 

A vKriubUviliilivcry iiuiiip in iwiid. Thi* uiiitH are numberevl an fullowii: I. Variablp-iielivery 
e. rKlipf valvi*: S. iniuiuaily ii|uTiilrii 4-way vulvi*; 4- uuuiiterbalaiiui* valvu; S. prefili valve; 
ft. Buctiuii Kltrr. 

Pumps for Machine Tools 

Many different forms nl' hydraiilie. pumps arc in commercial use. 
Tliey may be classified under tliree iiiain lieiiilings as the gear pump, 
the. vane pump, and the plunger jnimp. The gear- and vane-type 
pumps arc used most often where the hydraulic power required is not 
excessive and where maintenanee of a set feed rate is not so important, 
or where the rate of motion dues not vary extensively. A gear pump 
is shown in Fig. 11. The gc‘ars rotate in mesh, rsually one gear is 
the driver. At the point of contact the motion is toward the suction 
side, so that oil is trapped in the space between the gear teeth and 
carried around the iieriiihery to the discharge siile, where it is released 
against any huilt-up pressure. Spur, lielical, nr herringbone gears 
are used in tliis type ol' piim|). The gears fit closely into tlic housing 
both on the j)eriphery and on tlie ends. 
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Thv (itTotor J)ump is n speriiil typo nf internal-gear pump, Fig. 12. 
TIio larger intorniil gear is tlriven by the jiiiiinn. The miter gear is 
free to rotate hut is snugly fittcrl into one end of the housing. The 
tops of all teeth of the inner gear are in sliding con tart witli those of 
the outer gear. Oil-tight pockets are femued hy the leetii of the gears, 
and because of their eccentricity the jioekets change ^'(>lulne from zero 
to iiiaximuiii and again to zcri) fluring each ivvoliitimi. One end of 
the hffusing carries oiienings, one fif which is a suction port where 



11. A Typifjiil lllustratirni iif a (Inar Piiinii. l^tiwiT Left, with llii‘ llrlir.iil 
(iiuirs at the rppiM' lii'l'l mill I hr DiMi^rmii ShnwiiiK Hh' I'hiiil Mow :it Ihr RikIiI . 

oil is drawn into the increasing space anil tlic otlicr is the discharge 
port from which the oil is forced. Deliveries range I'roiii 0.4 gjiin at 
1,800 rpiii to 40 gi)in sit 1.200 rjiiii at l,tX)0 jisi or higher. 

A vane-type pump, illuslrateil in P"ig. 13, is a low-cnst unit and with 
proper control gives excellent .service in many hydrsiiilic apfilications. 
The vane piiin|) has a I'otor carrying nearly railiaJly |)laceil vanes. 
This rotor with the vanes is rotaterl within the stationary, specially 
.shaped outer ring. Tlie ^'anes are free to slide riiilially in anrl out of 
the rotating hub and so maintain contact with tlie outer ring. Oil ways 
from the high-pressure siile of the pump to the space at the inner end of 
tlie vanes maintain this contact. The suction ports are located in the 
end plate at a point where the outer ring reciMles from the rotating hub, 
and the discharge ports are loratefl at a point where the outer ring 
approaches the hub. With close tolerances among the vane, hub, and 
case, these pumps are capable nf developing very high pressures. The 
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during each revolution. This control provides the variable discharge. 

In applications where the rate of traverse of the driven member 
must be varied within wide limits and where hydraulic leakage must 
be kept to a minimum, the variable-displacement plunger-type pump 
is used. These plungers may be mounteil radially or axially in a 
housing. The former is represented by the Oilgear pump and the 
latter by the Sundstrand and Vickers, Fig. 15. The plungers may be 
cylindrical as in the Vickers and Oilgear pumps, or tliey may be flat 
such as those used in the Racine variablc-disi)lacement pump. Tlicse 
pumps may be made with constant or variable length of stroke. The 
Oilgear pump obtains the variable length of stroke by shifting the 



Fk;. 13. A iSiTliiiiwil View iif Ihi’ Virkrrs l*uin|). 

This is a coiisliint-ilisfliariEr |iiiiii|i vvitli luu iiitukr* purts. .Vi iiiul A'.>. aiiiJ twu i.>xIiiiiih1 iturl-M, ^'l 
anil Fi, sii .IS iu li:iliiiiirr> llii* rut nr nuliiilly. TIim rotiitiuii is i:iiiiiiti^ri:ltii:k\vi.si:. 

housing against which the outer end.s of the ])istons bear as tiny 
rotate eccentrically, in a way similar to the methoil employed in the 
Racine variable-disiilaceinent pumj). The Sunilstrand anti Waterbury 
axial-ty|)e jilunger jmmiis use a swiveling wobble plate against which 
the ends of the plungers bear to secure variable displacement. If the 
angle of the wobble jilate is clianged, the discharge of the pump is 
altered, but if the wobble-plate angle i.s fixetl and the tpiantity of nil 
delivered to the pump or motor is altered, it.s lotating speed is ehangerl. 

The Vickers variable-ilelivery jiiston-type pumj) is siiown in Fig. 15. 
This may be diiveii at motor sjieed directly to the shaft A. This 
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rotates the driving flange C, which is mounted on heavy-duty radial 
and thrust bearings B. The driving flange is connected to the 
cylinder block G by a full-floating universal-joint shaft D. Connect¬ 
ing rods E are attached to the left end of the driving flange and are 




1 


INTAKE FROM TANK 


Fuj. 14. The Vickers (’ioinbiiuilinn Vane Pump al tin*. Top Is Used for Rapid Low- 
Pressure and Slow High-Pressure OperaLions. 

Hcluw, lliu twu puiiipti Ilf c!iiual ttize in sorii'.^ make a twu-atUKe pump for increasing the hydraulic 
pivNNurc. 


coupled to small pistons mounted in cylinders arranged axially in the 
cylinder block. The cylinder block bears against a valve plate F 
at its left end. This has ports so arranged that oil may be taken into 
the cylinders on the suction stroke and discharged on the jircssure stroke 
through the hydraulically balanced pintles H, which support the hous¬ 
ing in which the cylinders and valve plate are located. This housing 
niiiy be swiveled about the axis of the pintles. When the axis of the 
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rylimler block is coaxial with that of the driving flange, as the 
cylinder and flange rotate together, there is no travel of the pistons 
in the cylinders. Therefore, there is no discharge of the pump. As 
the cylinder block is swiveled about the jiintles to the maxiiiiuin extent, 
the travel of the pistons in the cylinder is greatest and the discharge 
of the iminp is maximuiii. The angular j)osition of the cylinders or 



Courltmy Vickem, Inc. 


I’lrj. 15. The VickiT.s^ N’ariabic-Delivcry Pump. 


l)ump yoke with relation to the driving axis is controlled manually 
by a hand wheel I as shown. The hand control may hi* replaced by 
a stem attached to a suitable mechanism or cam, a hydraulic cylinder, 
a pressure comjiensator, or a solenoid. \ ickers also makes a positive 
displacement motor in which the angularity of the cylinder tc) the 
driving flange axis is fixed. As different amounts of nil are delivered 
to this motor, its speed is changed correspondingly. 

Hydraulic variable-speed transmissions, consisting of a variable- 
delivery pump and constant-displacement motor, or a constant- 
delivery pump and variable-displacement motor, or both, are used 




736 


DRIVES FOR MACHINE TOOLS 



the Right and the Const ant-Delivery A’ariable-Speed Fluid Motor at the Left. 

The oil La transmitted tliruuKh parts in the central block from the cylinders of the piiiiip to the motor. 
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ti) provide rotating spindle drives on lathes and boring and honing 
inarliines, and for driving lead screws on large drilling and boring 
machines. Figure 16 shows the Waterbury hydraulic variable-speed 
transmission with pump and motor ct)mbined. The shaft at the right 
is driven at constant speed. A variable amount of oil will be de¬ 
livered as the axis of the wobble plate is tilted from that of the 
rotating axis. This variable quantity of oil delivered to the fluid 
motor at the left in whieh the wobble-plate angle is fixed will produce 
a corresponding speed of the shaft at the left. 

The advantages claimed by the use of hydraulic feed may be sum¬ 
marized as follows: 

1. Fli'xibility of fenri conh nl. 

(ri) Any ilesircii fccil lalc from alninsl zero to iiny rc'cniircil iniiximuni. 

(b) Automatic clistriKC of fiuMl rale ilurini; tlic iiil as ilc.sirml. lluus proviiliriK 
maxinuiin mclal rrivioval. 

(c) Any dcsiifil cycle of feeil ami rpiick Iravei-se in either ilirectinn, to- 
Kotlier with aiilnnialic .stoji or feiMl chani^e at any poinl. 

(rf) Possibility of feiMliiiR in a pivnn ilirrclion iiniil tlie table or sliile 

encounters a iiosilivi' stop, tlieii ilwellinji; to allow Ihe tool to cliMir 

itself, afler which the lable aiiloiiialically |■(‘lul■ns al a rapid traversi> 

rate. 

(c) Ac.curai'.v of tri]) Viecaiise no l•lnlchl^s nr otlicr nii'chiinii'al devices aci' 
Riiiphiynd. 

2. Longer life of the power mechanism iliie to tiii‘ fad that it is lubricated at 
all times by the fluid )iiiwer mi'diuiii oil. 

3. Longer culling lift* in broaching, drilling, and milling. 

4. More melal rc'iiiovcd per honsejinwer. 

5. Greater feeils of drill.s and milling culters and greater speeds in broaching. 

6. Any degree of pies.siiie according to requiremenls. 

7. Perfect shock-absurbing qualitii's, ]iennilting grailiial ai'celenilion nr fli‘- 
celeralion of load, and cushioning of impact loads. 

8. Safety, as the entire feeding transmission may be safegiiarderl against over¬ 
loading by various relief and control valves. 

Pneumatic circuits are also used alone or in conjunction with hy¬ 
draulic or electric controls in the operation of machine tools {Product 
Engineering j June, 1940, pp. 248 and 255). 

QUESTIONS 

1. What is meant by group drive? 

2. Why has individual drive replaced group drive? 

3. What is meant by the drive nf a machine table if it is: (a) mechanical, 
(b) hydraulic, and (r) hydraulic but electrically controlled? 

4 . Give the specifications of a 5-hp a-c squirrel-cage inihiction motor such 
as one used to drive a machine tool by flange mounting. 

5. What is meant by a high-slip motor and what arc the advantages of 
high slip? 
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6. Whul. tyiins nf i*niluHurRS .irn pruviili*ii fnr nlcrlrii* mnlnr snrvifn? 

7. What in inRanl hy the full-lr)ail torriiip anil at whal spru'il iIdpr it ncrin ? 
B. Namn ami dpfinp somn of llip ari-p.ssrjrli*s availiihir fur r'lrM-lrir. ninlur 

rrmtiDl. 

9. Name two ])rini'ipfil typps nf inrTlianir'ally oppialiMl variahli'-spriMi Iratis- 
miHNions. 

10. Explain the difTcrenre between mclerinK-in and iiieleriiiK-rnit. 

11. Explain tJie difference belween the action of a gear iminp, a vane-type 
pump, and a piston variabh'-delivery piiinp. 

12. When is a constant-delivery pump used instead of a variable-dedivery 
pump? 
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CHAPTER XX 


ACCOUNTING AND COSTS 

Usuiilly fill bnokkpi'piiiK IDr a businoss is dune in a central uffice 
I'Mllcd the accDuntinp: deiiartnient under the direetinn of an auditor, 
eontroller, nr treasurer, Fig. 1-2. Aeeoiinting consists of keeping 
records of all financial transactions, such as investments, loans, pur¬ 
chases, and j)ayineiit of wages, tugetlna* with a complete record of sales, 
administrative, and manufacturing expenses. 

The aci'ounting department serves the business in several ways by 
submitting to tlmsi* in chargi' cd‘ the management I’cports which show 
the state of the coinjiany's financial conililion, the inconw' and ex¬ 
penses, the distribution id' expenses, and tin* general trend of the busi¬ 
ness. A balance sheid is usually mailc up annually to show the assets 
and liabilities of the company in itemized form. I’mler assets are 
listed cash, accounts receivable, inventories, bonds, land, buildings, etc. 
ruder liabiliti(‘S are listed accounts or notes i)ayablc. stock issued, etc. 
.\n income and (‘xpiaise sheet sliows gross sales, imisI of sales, net sales, 
i‘tc., leading to the net profit for the period. This report may be 
issuetl tjuarterly or semiannually witii a summary foi' the year. 

Other reimrts dealing with the sales, administrative, nr manufai*- 
turing di'iiartmenls, which, by imlicating tlic treml of the business, as¬ 
sist in its direct ion, may be issued as needed. For example, a slal(‘- 
ment issiunl each month to the manufacturing ili‘i)artmcnt for its 
guiilance gives llic cost of direct and indircid lahor, snppli(‘s, tnols, 
repairs, sujiervi.<ion, heal, light, |)ower, labor turnover, etc., as well as 
the fixed charges (those whieh remain the same regarrlless of the 
amount id' jnoiliietion I .<iich as intenst on money invested, deprecia¬ 
tion, taxes, insurance, rent, etc., and also ihila on amounts of pro¬ 
duction. All such manufacturing expenses. excej)t the lixeil charges, 
arc controlled directly hy the head of the department. It is imly by 
knowing what they are Irnm month to munth that they can be regu¬ 
lated. The re])ort of iminiifacturing cxjiciises i.s often shown by de¬ 
partments and totaled fur the whole factory so that the detailed 
distribution may be analyzed to better advantage. 

All cxi)enditurcs of a small imlustry may be groiiiied umler five main 
heads, as shown in Fig. 1. 

The factory payroll may be divided into two i)arts: direct and in- 
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direct labor. Direct labor is that which can he charged directly to a 
piece being manufactured as a product. This is an outgrowth of the 
term productive labor which may be defined as that consumed in 
changing the form of the part produced or assembling one part with 
another. Indirect labor is that which is neither direct nor productive. 
It is thrown into the factory overhead, or burden, which represents all 
expenses difficult to charge directly to the product. 

The factory materials and supplies also may be divided into direct 
and indirect material. Direct material may be defined as that ma¬ 
terial which enters into the product. All other material items, such as 


1 . 

Factory 

Payroll 


3. 

Fixed Charges 
(DeprecialiDn, 
Insurance, Rent 
Taxes, etc.) 



General Office 
and 

Administrative 
Expense (Labor 
and Supplies) 


Administrative 

Expense 

($ 10 , 000 ) 


Sales - 


Profits 
(Dividends 
and Reserves) 


5. 

Sales 

and 

Advertising 


Sales 

Expense 

($25,000) 



Fiii. 1. Distribiitirin of Totjil KxpoiiiliUinvs fur ii Mmilh. 


supplies, Idols, and jigs, arc indirect and beenme ovtThead. The 
malcrial of column 2, Fig. 1, is scparatial into direct and indirect. 

Machine tnnls are |niirliased as cai)ital accounts and are charged 
into nperating expense against proiluctiim as rlepreciatinn, obsdleseeiice, 
repairs, inter(\st on investment, insurance, and taxes. The deprecia¬ 
tion represents an amount whirh, when set aside each year during the 
life of the machine, will jimvide a fund with which it may be re¬ 
placed. This may run from 1-5 years for single-purpose, high-produc¬ 
tion machines to 10-20 years for standard maehin(\s. Obsolescence 
represents an aiiuiuut needed td replace the machine which has been 
superseded by iit*w prdcesses dr imprdvetl design, (’uttiiig intds, jigs 
and fixtures, dies, etc., usually are charged against operating expense 
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iit their wliolc valm* during the first year. This represents 100 per 
rent depreciation. Sometimes tools of this type are charged entirely 
against the particular job for which they are purchased, even though 
the job lasts for a period less than one year. 

Columns 4 and 5, Fig. 1, become administrative expense and sales 
expense, respectively. Selling expenses are entirely a cost of selling. 
Administrative expenses rcjiresent a service partly to selling and partly 
to production, and include accounting work, treasury, paying em- 
jiloyees, etc. 

The direct labor, direct material, and factory overheail combined 
cover the value of the work in process which leads to finished goods. 
The total cost tluMi is rejiresenterl by the factory or manufacturing cost 
of the finished goods ])lus administrative and sales exj)enses. 

Divisions of Accounting 

Accounting may he divided into two parts: general arrnunting and 
cost accounting. General accounting incliiiios everything as doscriheil 
above, exeept that ineluded in enst acrouiiting. Cost accounting is 
confined to the eoinpiliition of data leading to direct-labor costs, ilirect- 
material costs, manufacturing cost.«, and list i)rices. The j)rnportions 
of the factory overhead and administrative anil selling ex])(‘nses to be 
carried by each jiart are determined in the general accoimting office 
and subsequently used for cost determination so that tliere is a close 
relation between the two divisions. 

Cost accounting: When the ])rnduct being sold l)y an industry is 
made up of a number of jiarts, it is fle.sirable that the cost of each jiart 
be known. The total eo.st of a part (unit cost) is made up of its 
direct-material cost, its direct-labor cost, and a propoition of each of 
the factory overhead, administrative expense, anil the stales expense, 
Fig. 2. The selling price equals the total cost plus a |irnfit. The list 
price of a part equals the selling price plus an adrlitinnal arbitrary 
amount to insure that the list prire is always higher than the selling 
price as the total cost varies from month to month. This is for con¬ 
venience in .showing the |)rice of an article in general catalogs. The 
discount can be changed on short notice by issuing revised discount 
sheets rather than reprinting the literature containing the list prices. 
To illustrate, the list jiricc of a l-in.-diam. high speeil steel twist drill 
with No. 3 Morse tajier shank is {10.25. The current discount is 40 
per cent. Steel, on the other hand, is usually sold at a certain base 
price per pound with extras added for size, annealing, rutting to length, 
etc. 

Apportioning overhead and expenses for unit costs: The direct- 
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labor and rlirrrt-rnaterifil fiKsts nf a part arc fjuitt' definite, and tnpetlier 
^ivv the direct cost nf a part. The pr(i|)iirtinns of tlie overhead ami 
expenses carried by each f)art vary wiflely with the method used in 
flistribiiting them. To ol)tain reasonably acenrate unit costs, that 
part which requires most overhead and expiMise in its manufacture 
should carry a {greater jiroportion in its cost. 


' List Price - 


• Selling Price - 


- Total Cost ■ 


‘ Manufacturing Cost - 


— Direct Coata —► 

Direct Direct Proportion Proportion Proportion Profit Diacount 

Material Labor Factory Administra- Selling 

Overhead tive Expense 

Expenae 


Expense 


I’m. 2. 'I’lii* t'iLO(iir.s M;iki* Up lhi‘ Unit Ciisl i>r n Part. 


Rome methods in Kcneriil use for ap|)ortionin^ overhead are as 
follows: 


1. Ovrrlif'Jiil Jis !i p('rri'nlMjEi* of ilirriM-hihnr \vn*ji‘s. 

2. OviM'lii'inl iis M jM'i'i'iMil;i^i‘ nf iliriM'l-lalinr liniir.s. 

•I. 0\'i‘rlir':itl M.s !i iiiiii-liini'-linui' ralr. 

4. Ovi'i'liniiil l>rnkr'ii ilnwii iiilii ilriKirliiii'iihil n\ i‘rliriul iinil snl)siMiui‘ii( ly 
:ip|i(ii'liiiiioil. 

The first is possibly the oldest and most common vehich* for distri¬ 
bution of overiieail to proiluct. If a sinf!;le percentage fur the entire 
plant is useil, its a|iplicalion is as follows: If the uverheatl for a month 
is Slot),QUO and tlie total direct-lalior cost is JfiO.OOO, then the burden 
in percentage nf direct labor is 200 per cent, so that in order to al).sorb 
it, each rlolhir nf direct labor must rarry 200 per cent of itself as its 
share nf the total burden. As.suming that labor cost for a part is 10 
cents, material cost 4 cents, and burden 200 per cent of labor, the manu¬ 
facturing cost is 10 cents 4 4 rents + 20 cents = 34 cents. By this 
uniform overhead metliiul the same amount of ()verhead is charged 
against a given amount of labor for all pieces. One piece may require 
equipment luiving little overhead in the form of investment, floor spare, 
power, maintenance, supervision, etc., such as a workbench and A’ise 
valued at J50. Another piece may be prniliiced on an expensive 'ma¬ 
chine such as a Alult-Au-AIatir turning machine representing an in- 
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vestment of some' J38,00(). The machine is driven by a higli-powered 
motor and requires cunsiilerable inaiiitenance. If the same number of 
all parts were sold during the year, this metliod would be simide and 
satisfactory. Where the product is diversified and the sales unbal- 
ancerl. the resulting gross sales might vary a great deal above or below 
the sales of Fig. 1. Administrative and sales expenses are added on 
a ba.sis of 10 and 2.0 ])er cent, respectively, to obtain total unit cost. 

The ilirect-lahor hour is sometimes used instead of direct-labor 
wage, bi'cause in some cast's it is founil that hours are more stable and 
<ati>ifaetory than wagt's. 

The machine-hour rate is commonly used arul is probably the most 
accurate method of ilistrihiiting ovi'rlu'ail. rate pi*r hour is deter- 
iniiieil for each machiiu* so (hat more overhead is charged against 
a given amount id' labor on a large automatic screw machine than on a 
small drill jirt'ss. the direct labor charge per pii'ce being the «ame in 
eacli case. 

In tlie fourth method, items of overheat! are accumulatetl by de- 
paitments. Those of general oveiTiead ih'partments are alhicaterl . ' 
the st'i'vict' and ]irt)ductioii ileiiartments {lecording to the ri'sptmsihility 
of each for its incurrence. The apporlitinment, in turn, of the ttver- 
heatl of till* service ilejiarlinents is made to the ])rotluctitni ih‘i)artmentfi 
for which the severtil st'rvice ctmlers are inaintaini'il. ^^dlen this has 
been thine, all the overheatl t)f the plant has been applieil to proiluc- 
tion. 

There Jire two radically different methods id' ascertaining costs, i.e., 
to determine them after the work is coin|deteil. as illustrated by the 
examples gi^'en above, and to estimate thian hid'ore the work is under¬ 
taken. This second method, known as standard costs, is based on 
material firsts and labor and overhead rates taken from iireiletermined 
standartls, or estimati'd in conference by the proiluction engineer, 
superintendent, rate setter, tool .suiiervisor. foreman, etc. Stamlard 
costs are set up anti modified from time to time as experience inilieates. 

Mechanization 

The reduction of labor costs ha.s been the inqietus of a devehqmient 
of machine tools, jigs and fixtures, tlies, and small tools, which is still 
gaining momentum. Automatic equiiniient anil stantlard equiimient, 
lirovided with tools for high production, usually are more exiicnsive 
than manually operated devices, are more complicated in design, 
require more care and time in setting up, anil have higher maintenance 
costs. Despite these aiqiarent tlisailvantages, the work of automatiza¬ 
tion j)roreeds apace, and manufacturing costs continue to decline. 
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Each wurkcr in United States manufacture is assisted with equipment 
valued at approximately (7,500. This figure is increased to about 
(14,000 in the automotive industry. Through the increase in capital 
investment, the labor cost is materially reduced. This lowers the 
manufacturing cost and makes the products available to a much larger 
number of individuals. 

When the manufacture of a [)art is under consideration, the number 
involved is of paramount importance. The manufficturer must ])ro- 
vide himself with machines, special fixtures, dies, tools, and gages to 
facilitate production at the lowest cost. Small-lot proiluction does not 
justify high expenditures for automatic machine tools, special tools, 
jigs and fixtures, etc., whereas mass production may support a very 
high investment. Such jobs must be analyzed on tlie basis of their 
own merits as there is just as much danger of s|iending too mucli for 
equipment and accessories as there is in undertooling. 

A jiart may be machined in 120 min, floor to floor, in an engine lathe 
costing (4,000, or in 6 min in a turret lathe costing (S,000. The 
direct-labor cost of production is (1.80 per hr for both, but it costs 
90 cents in labor and tools to set up the lathe anil (8 for the turret 
lathe. The machine load for the lathe is (1 per hr, and for the turret 
lathe, (2.(50. The cost of making one |)ieee on the lathe would be 
2 ((1.80 -f (1) -H 90^ = (fi.50. (r)n the turret lathe, it would cost 
%„((1.80 f (2.60) -h (8 = (8.34. If ten parts were made, in each 
case the unit cost on the lathe would be (5.69, but only (1.24 on the 
turret lathe. 


QUESTIONS 

1. What arc some of the ilulins of an ai'iMiuntinic department? 

2. Why .slimild llic I'osl (lp]tai'1mi'iil br a jiart nf tlic an-i)Uiitiiig department 
rather Ilian riiiiii' iindi*r thn jurisdirtioii of the factory manager? 

3. Wlial an* tixcil I'hargi’is? 

4. Wlial is meant hy diriM t i-osls? Explain Ihc (wo clcmenl.s. 

5. What is iiiL'aiil by alluratiiin of factory oviMhcail? 

6. E.xplain how maniifacluring costs might be reduced lliroiigh increased over- 
hrad. 

7. Explain thn difference between depreciation and obsnlesccncn. 

B. What is iiieanl hy accelerated depreciation and w’liiit is its purpose? 

9. Explain the advantages of ma.ss production in reduciug unit cost. 
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Aljriisivp ilisks in s^iwiiig, 25li; .'.w* aho 
Grinding wheels 
Al)riisives, 517 

Aliiiniiiuiii oxide, 511) 

Jhnid iiiid hiJiidini; prneesses, 520 
Jj^lusl.ie bund, 521 
liesiiiuid liuiid, 523 
Rubber bond, 522 
Silieiile bond, 521 
Vitrified bond, 520 
lUiniTif;, 540, 511 
Cvliiidrii'iil Kriiidiii^, 576 
Diamonds, 51S 
Minery and eoruiidum, 5iS 
Grain ul' alnasiveH, 520 
Honing, 57H, 585 
liappiiiK, 587, 500 
Manufatdureil, 517 
use ijf, 520 
Natural, 518 
l^)lishinK, 533, 554 
Sandslnne, 518 

Selling? up polisliiiifr wheels, 537 
(^laleil abrasivf! belts, 538 
Coaled alirasive sheels, 538 
iSilieon earbide, 511) 

Suiierfinishini!;, 5!)i 
Tumbling, 51)^1 
AertiuntiiiK and e-osts, 73!) 

Distribuliiin oi total expiMiditiin-s, 740 
Divisions of aeirountini;, 711 

Apportioning overheail and ex¬ 
penses for unit eosts, 741 
Direel eosts, 742 
Standard eosts, 743 
Cost aeeountinK, 711 
Meediaiiizalioii afTeetini; eosts, 743 
Allowanees, 14 

Arbors, adapters, and eollets, 11)5 
AsHE^mbly, seleetive, 12 
Attaehmeiits and aeeessories; sre also 
l'j[)uipiiient and aeeessories 
Drilling, Ijoriiig, and threailing ina- 
ehines, 274, 310 
Boring machines, 295 


I AMaelimenls anil aci'essories, drilling, 
boring, and threading inaehines 
Hushings, 320, 321 
Chuirks, 310 

Jigs and fixtures, 284, 318 
Miiltipl(‘-s]jiiidle drill heads, 312 
Speeil-iip al lai'liineiils, 315 
4'hreading di'viees, 316 
Vises, 316 
Lathes, 44 

Milling iiiai'hine, 1115 
Planers, 7!) 

FVesses. 616, 634 
Sha])i*rs, 66 

Single-spindle aiilDinatie screw ina- 
ehiiies, 424, 425. 431) 

’'riirret lathes, 3!)) 

Aulonnilie polishing and buffing 
chines, 551 

Autoinalie sia ew inaehines, 422 
(^assilii'alion, 381 
Definition, 422 
Multiple-spindle, 430 
Li|uipinent, 433 
Magazines, 440 
H]ieeds anil feeds, 443 
Typical job. 433, 435. 436, 439 
Single-spindli', 422 

Hrowoi and Shar|)e, 422 
Atlai-.hinents, 424 
Autoinatir rod magazine, 424 
Cams, 426 
Swiss tyfie, 425 

Single- vs. multi))le-spiiidle, 440 
Accuracy, 442 
Costs, 441 

Produel ion rat e, 441 
Speeds and feeils, 443 
Cutting fluids, 407 
Tools, 422 

Automatie. toolsliih; lathes, 4)4 
Autuinatie loading, 417 
Duumatic, 414 
Fay automatic, 416 
Vertical multijile-spindle, 418 
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AuUiniaiir iuminK marhinnB 
ClaHHificutiuii, 410 
Definiiiun, 410 

Spcoial-purpoHe Hiimiautomatic lathes, 
419 

Center-drive crankshart lathe, 421 
Automatie turret lathes, 111 

Bakelit«, 8; see also Plastics, 7 
Hand rnlling machines, liOT 
Har stock, 5, 153, 435 
Basic size, 12 
Baths, heat-lreatiiiK, 101 
Bench centers, 702 
Bill ol' material, 15 
Bonds for abrasive wheels, 52li 
Boriiim; and facing tools, 344 
Boring head, 345 
('utting practice, 344 
Definition and classification, 344 
Torqui^ thrust, and power, 317 
Boring machines, 2!I5 

Attachments and ac.cessories, 205 
Button method, 207 
(3iuc.ks, 200 
C/ylinder, 301 

Ildrizontal boring, drilling, and mill¬ 
ing, 170 

Jig-boring machines, 205, 208 
lj<icating hole lUMiters, 207 
Precision, 300 
Boring mills, 35, 385 
Boroscope, 700 
Broaches (cutters), 454 
CMassification, 454, 450 
(Combination, 457 
IMernal or internal, 4ti0 
Pull, 454 
Pulling head, 450 
Push, 454 

Soliil or built-up, 450 
Design, 402 
Pitch, 403 
Relief, rake, 404 
Rise per tooili, 405 
Tooth elements, 403 
Grinders, 402 
Materials, 401 

Heat treatment and grinding, 401 
Broaching, 445 
Applieatioiij 445 


Broaching 
Definition, 445 
Practice, 404 

Cutting fluids, 466 
Cutting speeds, 466 
Feed per tooth, 465 
Broaching machines 
Cliissification, 445 
Duplex, 452 
Horizontal, 446 
Keyseater, 450 
Types, 445 
Vertical, 449 

Broaching lathe, 454 
Buffing, 538 
Abrasives, 540 
Composition, 541 
Definition, 538 

Practii‘e, examples of polishing and 
buffing, 542 
Buffing inai'hines, 540 
Buffing speeds, 530 
Bulling wheels, 530 
Bushing plate, 317, 320 
Bushings ror drilling, boring, or reaming, 
320 

Calorimeter, 161 

Carbides, sbp Sintered carbide tools 
Carboloy, .see: Sintered carbide tools 
Carbon tool steel, 06, 135, 330, 361 
Heat treatment, 06 
Casting, 6 
Cast iron, 0 

Cast nonferrnus metal, 84, 92, 103, 
106, 137, 141 
Cast steel, 0 
(^^eiiters, 52 

C^entralized control, see Control 
Chatter, 132 

Chip formation, 127, 135 
Brittle metals, 127 
Broaching, 463 
Drilling, 323 
Ductile metals, 128 
Milling, 210 
Turning 

Built-up edge, 129 
Chatter in, 132 
Work hardening, 130 
Chromium plating tools, 102, 330 
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Chucking; and bar-feeding mechanisms 
for screw machines, 389, 391, 
428 

Chucks 

Drilling, boring, reaming, and thread¬ 
ing, 310 

Equipment for lathes, 44 
Chucks, 50 
Collets, 51 

Draw-in attach in ents, 51 
Pneumatic, 3B1, 394 
^crew miichiiies, 391, 394, 396 
Turret lathes, 394 
Wreiichless, 394 
Classification 
Abrasives, 518 

Automatic turning machines, 378, 381 
Boring and facing tools, 344 
Broaches (cutters), 454, 456 
Broaching machini's, 445 
Cutting fluids, 117 
Drill jigs, 321 
Drilling machines, 274 
liadial, 290 
Drills, 321 

Deej)-hole, 326 
Miscellaneous, 328 
Twist, 322 

Forging machini's, 621 
Cages, 689 
Cears, 472 

Clear-cutting machines, 474 
Cear-looth forms, 468 
Crinding maidiines, 544 
Centerless, 562 
Cylindrical, 555 
Internal, 565 
Bough, 544 
Surface, 570 
Hones, 578 

H oiling machines, 544, 582 
Lathes, 29 
Measuring, 669 
Milling cutters, 210 
Milling fixtures, 205, 209 
Milling machines, 175 
Planers, 70 
Plastics, 7 

J^olishing and buffing machines, 544, 
549 

Pn^ss clutches, 014 


Classification 
Presses, 599 
Punches and dies, 628 
Reamers, 348 
Sawing machines, 246 
Saws, 254, 256 
Screw thrciuls, 353 
Shapers, 56 
Steel, SAE, 4 
Taps, 361 

Threading dies, 366 
Threiufs, 353 

Turret lathes, screw niac.hines, and 
hand-operated production turn¬ 
ing iiiai'hiiics, 381, 387 
Clutches for power jiressi^s, 613 
Friction, 616 
l*in cliiti-h, 615 

Rolliiig-Uey or rocker-ariii, 615 
Safety, 616 

Sliding-jaw clutch, 615 
Types, 614 
(^dlets, spring, 195 
(’uiiiparatf)rs, 703 
Coinpounil angles, 670 
(Control 
("ciitralized 
Milling inarhiiies, 177 
Planers, 79 
Radial drills, 290 
Shapers, lifi 
Turret lathes, 385 
Dual 

Milling machines, 178 
Planers, 79 
Shapers, 66 

Mechansims in broaching, 447 
Coolants, 116; see alau Cutting fluids 
Coordinated design, 11 
Costs, 741; sev ahu Accounting and costs 
Materials in design, 2 
Screw stock, 408 

Single- versus multiple-spindle auto¬ 
matic screw machines, 440 
Tools, 96, 97, 98, 103, 105 
Counterboring tools, 344 
Countershafts, 33, 35, 45, 57, 67, 70, 
176 

Crane, 78 

Crobalt, 92; see aUo Casting, Cast non- 
ferrous metal 
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(lotting fluids 

AppliRatioiis, 118, 121 
Broaching, 4b7 
ClaHflilication, 117 
Definition, 116 
Drilling, 340, 341 
Grinding, 575 
Honing, 585, 586 
Lapping, 587, S^K) 

Lathe, 43 
Milling, 224 
PropcrticH ilcHired, 116 

PuriKJHOH, 116 

lieamiiig, 353 

Hawing, 266, 270 

Screw inachiniiH, 407 

Selection and umi‘ id', 121, 123, 407 

StiTilizatiiHi, 123 

Storage ami circulalion, 122 

Surl'ace finish, 170 

Threading, 36!1 

Told grinding, 105, 113, 371, 462 
Turret lathes, 407 
Ty^ies and use, 118 
Air, 118 

Ai|ueous sidutinns, 118 
KinulsioiiH, IIK 
Oils, 117, 111) 

Cutting rorces 

Single-pidnl h^ols, KiO, 164, 166 
Straight line, 161 
Cutting oils, svr ("ul.ling tiuiils 
Cutting tools 
Boring and I'aein , 344 
Briiai'hVs, 454 
CounterV)ores, 436 
Dies, 366 
Drills, 321 

Gear, Gear-i'iilting inaidiiiies 
For autnniaties, 422, 441 
For screw machines, 403, 407 
For turret lathes, 402, 407 
Grinding of, .see Grinding machines 
Hollow mill, 347 
Materials, see Materials 
Milling, 210 

Nomenclature, see Noiiienclatui'e 
Punches and dies, 625 
Quality, 95 
Reamers, 348 
Saws, 256 


Cutting t/ools 

Single-point, 82, 135; see also Single¬ 
point tools 

Solid, shank-type, tipped, and hit, 
92 

Bits and holders, 86 
Forged, 85 
Taps, 361 
Tipiiial tools, 92 
Tips, 91 

Threading, 361, 366, see also Thread¬ 
ing tends 

Definitions 

Aci'.oiinting, 739 
(/lists, 741 

Direct labor and material, 740 
Automatic sia ew machines, 422 
Autoinalic turning inarhines, 410 
Boring and facing tools, 341 
Broaching, 445 
Buffing, 538 
(/Ulting fluids, 116 

Culling speed, feed, and depth of cut 
in milling, 221 
Dies, 366 

Drilling inachines, 274, 290 

Drills, 321 

Gages, 689 

Gears, 468 

Grinding, 517 

Honing, 578 

Involute, 468 

Jigs and fixtuies, 321 

Lajiping, 586 

Machinability, 126 

Measuring, 669 

Milling machines, 175 

Polishing, 533 

Pri'sses, 599 

Punehes and dies for presses, 625 
Scraping, 591 

Single-point tool, 82, 92, 135 
Superfiiiishing, 591 
Reamers, 348 
Sawing, 246 
Tap, 361 

Tumbling and barrel finishing, 594 
Turret lathes, screw machines,, and 
hand-o)H‘ratcd production turn¬ 
ing machines, 376 
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DrHign 

Hill of mat prill I, 17 

DisriissiDii of inatprials anil thpir 

roi'in.s, 3, ti, 8 
(JaarilinatPil rlpwign, 7 
?\ir iTmiml'iirtiirp, I, II, la 

Fits and tolprMnr‘l^s, 12, I I. 357, Ii!l3 
Plaiiniiii^ till' jirodur'l, I 
SpIrriiiiK Mip niiilprial, 2, 5 
((i'.l3 

IiiHiiiaire of priMlui'liuii, 22 
MarhiiiP tmds, srv ('lassiHr'iitiun 
Diainonds, 105 
('ulUiiK liKils, !iri, 105, 138 
(Grinding wIilm;! drpsspns, 532 
(iriiidiiiK whptds, IQIi, 113, 528 
J)ii‘ i-astin^, 0 
DidiIII l ion, 0 
Maipi ialn, 0 

l)i PIS, Thi'padiiijyr tiiols 

For prpsHps, 028: .srr- also Piimdips and 
dips fur prisssps 
J)ipsinkin|$, 188 
Dividing lipads, i!l7 
l)r:i\v-in alliu‘.hnu*iil (liiir) 

Lalhps, 51, 301 
Milliner iiiaphiiips, 105 
Drawing dip.s, 031 
Drill key (or pin), 331 
Drill hrads, niulli|)lp-spindlp, 310, 312 
Drilling 

(3iii[;ks, 310 
Drills, 322 
Jigs, 318, 321 

Marhi UPS, srr Drilling inarliiiies 
Power required, 333 
'rurque and thrust, 333 
Drilling, horing, reaiiiing, and Ihrearling, 
274 

Drilling inaphines 

Appliraiion of power, 275 
Classifipatiiin, 274 
Beni'h, 270 

Cenleriiig iiiuphiiip, 277 
Cylinder boring, 302 
Deep-hole, 203, 320 
Diamninl lioriiig, 300 
Gang, 278 
Jig-boring, 205 
Portable, 275 
Produeiion, 282 


Drilling inaehines, elassifiealinn, prmlun- 
tioii 

Cieiieral-purposp. 282 
.Muhiplp-spiiidlp pluHter-ivp«\ 284 
\lult.i])hvspiiidlp gang-t.yr>e, 283 
Mult,i|di'-way, 288 
Kiulial, 2IM) 

Apia^ssorips, 201 
(^lassi Heal ion of, 201 
Power ilrives, 203 
Types of bases, 202 
Upright, 278, 282 
Uprighl indexing, 280 
Features of design or poiisirui-tion, 274 
Jigs anil fixtures, 284, 280, 318 
Muliiplp-spindle drill heads, 310, 312 
Power drivi\s, 278 
Power fiMul, 278 
Purposi',, 275 

Sleeve, soeket, and drift ki*y, 331 
S|KM?d-up atlaidinienls, 315 
Vises, 3 Hi 
Drills 

(^assilieation, 321 
Miseellaneous, 328 
Twist,, 322 

Deep-hole, 204, 320 
Nomenclaturi* anil angles, 322 
Sizes, 327 
Delinit ion, 321 
Drill holders, 331 
l''or auloinalir niai'hiiiL'S, 403, 407 
(iriiiiling, 371 
Manufarture, 330 
Materials, 330 
Perforinanee, 332, 342 
Power ri'ipiired, 333 
RiMMMiiiniaided praptii;e, 334 
Sleevi*, soekel, and drift key, 331 
Speeds and ferMi, 331, 334 
Dual e.oiitrol, srr Control 
Dust removal and safety, 404 
Dynamometers 
Drilling, 281 
Milling, 227 
Turning, 100, 103 

FJleetrie mntors, 712 

A-p indue.tion, tnrijue, 715 

Frequi-ney, 713 

Motor eontrol units, 710 
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Electric motors 
Mountings, 713 
Rating, voltage, phase, 712 
Speciheations, 716 
fipcied characteristics, 713 
Torque. 714 
Types, 713 
Windings, 714 
Electroplating, 7 
Emulsions, see C^utiing fluids 
Engine lathes, 30 
Equipment and ucressories 

Automatic screw machine's, 430 
Chucking equipmi'iit, 48 
Drills, 310, 316 
Electric motors, 716 
Hydraulic jHimps, 732 
Lathes, 44 
Milling, 105 
■ Planers, 70 
Pri ^Hses, 616 
ShapiM’s, 45, 6.6 
Turret lathes, 401 

Facing tools, 344; sre also lloring and 
faiMiig tools 
Face mills, 347 
I'Veiliiig HngiTS, 301 

Feeeling pressure lor hack-saw hlailes, 246 
Feeds 

Advantage.s, 723 

Hydraulic, 721; .seen/soHydraulic feeiJtT 
Milling machine drives for, 102 
Feed designation, 104 
Feed drives, 104 
Hand and power, 102 
Movement, 102 
Feed stop for lathes, 46 
Fits and tolerances, 12 
Fixtures, see .Jigs and Kxtures 
Forging, 0, !) 

Forging hammers and presses, 621 
Forging machines, 624 
Forging presses, 621 
Geared presses, 623 
Gravity type, 622 
Headers, 624 
Hydraulic presses, 624 
Percussion, 623 
Pneumatic, 623 
Steam hammer, 623 


Forming dies, 633 
Forming tools, 405 
Furnaces, heat-treating, 101 

Gage blocks, 675, 676 
Gage design, 693 
Tolerances, 603 
Gages, 680 
Air, 690 

t'lassihcation, 689 

Didinition, 680 

Dial, 701 

Flushpin, 602 

Functional, 701 

Grinding, 557 

Indicating, 660, 600, 701 

Limit (r/o and not tfo), 600 

Master blocks, 675, 6!10 

Materials and cunstructioii, 696 

Plug, 601 

Shape and form, 601 
Snap, 601 
Star, 600 
Thread, 601 
Toleranci's, 603 

W’orkiiig, inspei'tion, master, 689 
Gear teeth 
Forms, 468 

Nomenclature and formulas for, 470, 
476 

Gear-cutting machines, 474 
And lutters, 474 
Classification, 474 
Gear Hnishing, 407 
nurnishing, 400 
Grinding, 500 
Lapping, 503 
Shaving, 498 

Msichines and cutters, 474 

Brown and Sharpe cutters, 475 
Circular form, 475, 479 
Form-copying, 481, 483 
Generating, 484 
Hob, 489 

Examples of bobbing, 493 
Pinion-shaped cutters, 486 
Rack-shaped cutters, 485 
Single-point cutters, 484 
i piral bevel gears, 495 
Relative advantages of different 
types, 405 
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(ieur-flit 111 in»rhinf‘s, iiiiLphiiu‘s ami 

PllttRl'S 

I'sing rirrul.ir l nr.ii fUttfrp, A7A 
Knr lielii'iil ^pars, 475 
For .spur *^75 

Fur stniiKl^iMuDlli ln'vi'l khjlih, 47H 
Fxaiupip, 480 

GB:ir-iiisp(M'tii)ii pquipnipiit, 50fi 

(rpar.s 

(;i!iSwsiti(“,alioii, 4011, 472 
Di4iniLii)ii, 408 
I'iiiishiiiK, 4!)7 
Far rliviilini^ litNuhs, 202 
Furl) ml a, 471 
liisjHa'tinii, oOO 
Maiiufartuin, 408 
Malpii.ils, 47;^ 

Mfl.limls ijf pniiluriiig, 472 
M!LtiTial.s, 473 
IViuhirliim fi])Piaiiiuis, 514 
GiMiPVii mi)iiini, 433 
UiMuiietrirral pnij 5 i p.s«imi iif jsppialti, 38 
tiririiliii|r, 517 

Abr {isivpH, 517; .sMf. ii\s{) AbrsiBiviis 
C 'uliiiiK lluid.s, 575 
(Vliiiilrii-al, 555 
DeOiiitiim, 517 

Fpriplipral sppriKs nl' wli(‘i*ls, 52!) 
Ppriphpi'iil s]ii‘i‘i]k iif wiirk, 530 
lMijii|ri’, 557 
555 

IViippj' l■()ll(lili^)ll.s fur, 528 
l{riu;i;li, 544 

Tuiil I'LiiiJ rutlcr, 575: xw nUu ( iriruliiif^ 

niiirliiiii'H 

4Vpi‘ (if wIii'I'Ih, 523; .vr-r* nino (irindiii^; 
wlippls and (iriiidiii^ iicir'liiiips 
(irindiiiK iniii4iiiu*s, 544 
CiMitf.ilpss, 502 
Advantages, 565 
ClassiHiaitiiiii, 544 
(yylindrieal, 555 
Uaiiishaft, 500 
Oatikshafl, 55!) 

Disk, 547 
Fare, 517 
Fliixilile-Hhaft, 547 
Internal, 565 
Purl able, 544 
Hull, 55;) 
itnugh, 544 


I Grinding marhines 
•StandKS, 547 
Surfai'e, 570 
Thread grinding, 501 
Tiiiil and eiiller, 575 
( MassiHealiun, 570 
Tmil and eiittiM” grinders 
liriiiU'hes, 402 
Orills. 371 
Milling cutters, 238 
Hearners, 371 
Saws, 2 ti 4 , 208 
Siiigli'-pniiit tiiiils, 105 
Taps. 371 

Tliri;ailing limls, 371 
Tiinl post, 555 
(ii'iiiding whi'els, 523 

Abrasive disks in sawing, 208 
lUiill-up. 524 

Designaliiin, 521 , 522 , 525 
Diainund wbi^els, 528 
I)ri‘ssiiig and Iniiiig, 531 
( rusii Ii'UimI, 532 

I'^ir grinding lonls, .scr (irinding ina- 
eliines 
tirade, 523 
(irain, 520 
MimiiiIimI ]iiiiiits, 524 
Safely, 531 
Select inn, 52 ti 
Hules fnr, 52 S 
Table fnr, 527 
Shapes nf face, 521 ) 

Shapes nf whe( 4 , 524 
Speeds, 52 !) 

StrucUiri?, .523 
(Irnup drive, 711 

Hardness nf various nialerials, 152 , 16 !) 

Headers, 523 

Heal trealnient, 1)5 

HiOiees, 204 

High speed steel, !)7 

Applicatinii nf t.yiKis, 135 
('uUing off, 101 
Heal Ireatiiuait, 101 
Kuril ace,s, 101 
Hubs and hnbbing, 401 
Hollnw nulls, 347 
H uiies 

I^rardiee, 585 
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ITdih'.h 
SpiMvlH, 585 
Typi'fl, 57R 
Hmkf, 581 
llyrlrsiiilif, 581 
'^riiniliMii, 57!) 

H miiiin; 

Culiiiiji; fluirjK, 580 
D(;fhLition, 578 
IToiii!H, 578 
Liquid, 103 
MiifjhiiiKH, 582, 584 
585 

HptMidB, 585 
Thp Ilf. 582 

HnrHiqinwiir, Piiwit vu hiva 
fur pliiriiMH 
Diiulili'-lniuHiii^, 70 
1 )fii*n-siili*, 70 
Ilydiaulif FiumIs, 721 

Advaiil.iiKr.s, 020 
Oil liririiiK iii:ir‘liiiii‘s, 3(M), 727 
Oil lir[i!ichi‘.M, 115 
On drilling ni:iidiiiii‘s, 275, 728 
On ^rindi'i's, 557, 502, 722 
On litininij;, 582, 581 
On milling' niiirhiin's, 181, 183, 1!)4 
On pl.'iiiiTH, 72 
On pri'SHi'H, 010, 730 
On Hiiwiiii; inaidiini's, 2411, 251, 250 
On Hlnipns, 01 
llydiaiilii' jim'shi'h, 010 
Dnsinihli' IValiircs, 020 

Inili, L.S. unit uf li'ii);tli, 00!l 
Individuiil drivi'K, 711 
InHpiM’linii 
(ilNll'N, 500 
Srri'w tlii'i'iids, 705 
1n(i>ri-lianKi‘M.lili‘ jiiirts, 12 
Inii*rri^ri)iin*ti'r, 088 

linriiif;, 205 
Jigs uiid fixturi'B 
Hniiiching, 448, 452 
Di-illiuK, 284, 280 
Milling, 205, 20^) 

Piilishiiig (iiid buffing, 552 

JCi>yspati*r8, 450 
Kirksit? dinu^ 043 


Knurling trinlB, 80 

Lapping, 580 
Abrasives, 587 
Didinit iiin, 503, 58li 
(injirs, 503 
Mjichinrw, 503 
M.Hidiini'H, 588 
Op(‘rM.tii)n.s, 503, 587 
Iiatho8, 20 

Aul.iiinJil.ii-, 110; atui alao Aul.iini.ilir 
turning niardiiiu\s 
ICnginr-, 20 

Altachmiails and af-i i‘BHiirii‘M. 41 
Hunk gi-.-irs, 33 
Hniir-li, 31 
('liui-ks, 48 
C3jL.-4silii‘alinn, 20 
(!nuiiili‘rsli,‘irLs, 33, 35, 15 
l)nv(4npnii‘nt, 20 
I'lMMls 30 
Pnwnr flrivrw, 33 
Sizi', 37 
SppiMls, 38 
SplMMl, 30 

'I'nnl posts, 81 
'i'nnls, 82 
Toolroom, 30, 50 
O^iolslidn, 378 
3’'uiri’!|, 370 

( Vnt rulizi'd i-oiitrol, 385 
C.Iliui-ks, 301 

C’ljissilif.-ilion of i-onslriii-tion I'l-a- 
liin-s, 381 

('lilting Iluids, 107 
Culling spiu'ds und IimmIs, 400 
l']\ainpl(‘ ol si'liM-tion jiiid airjingi-- 
ini'iil of t.ools, 307 
Prinripli’S involvi-d in opi-r.-i I ion, 30li 
('omliiniMl ruts, 307 
Miilti])Ii‘ ruts, 3!)7 
Higidity of tooling, 307 
Surt-rssivi* ruts, 307 
'rools and toolhnldi'is, 401 
Cnivrrsal, 381 
\'iM tii-jil. 35 

X'lTtirul boring and turning mills, 35 
Ijiglil wavos, 087 
Ijiinits, 14 
Lubrirants 

(^lilting anil rorrniiig dirs, 04!) 
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Spinning, 

lAibriciitioii 

('lining fluids, llfl 
Dies. (i4!» 

I'(Iff ■I'll iiMii spi’.'iy, 12U 
Liilhf's, 3() 

Milling nnti'hiri[‘s, I7S 
Pl:iMi!rs, 78 
Shnpprs, G5 

'ruri'i‘1 liiUii'a, 3K3, 38li 

MarliiiijLliilitv 
Dprniiiinn, 12ii 
Drilling, 331 
Mi'lals initr liiiiial, 131 
Milling. 221, 227. 23H 
111' lulling Innls, 133 
()!' inrlals, 131 
Sa\ving-]i()iiit Innls, l2fl 
Tliri>ailing, 370 

Marliiiu' sfii'ws, rraftioiuil sizms, 335 
Marliinr simp, 22 
.Ini) .simp, 23 
Prnilur'linn simp, 2-1 
Sciniprnilin liun slio]), 21 
Mai'liiiip-I nul ilrivps; .sf'vul.w PnwiT ilrivps 
Mlrr'lric nmhirs, 712 

Grniip viMsns iiiiliviilual nuu’hiiii^- j 
1 nnl ilrivc, 71 I 
Mi'fliaiiicMl, 7151 
\'ai'ial)l['-spi‘PLl Iraiisinissinns 
lOliM-irii: iimlnrs, 713 
llyrlraulic systems, 721, 735 
Mri'haiiiral, 719 
Typir-al ryrU*, 721 
Typii-al liyilraiilir I'ircuit, 722, 727, 
730 

All vant ages, 737 

Tvpii'Jil hyrlraijlii- r-irriiil elf’etrienlly 
l■.□nl rrlll^•ll, 727 
Mai‘hiniiig, 7 
Manufartiire 

Design for, 1, 15; -sbr al^u J)i‘sign 
Bill of material, 15, 17 
Planning the product, 1 
Routings, 16 
Time study, 20 
liiterehangeahle parts, 12 
Materials 
Bill of, 15 


Mat4'nals 

Broaches, 461 

('ast IIniiferrous metal, 103, 137 

CMlLing fluids, 116 

(Cutting tools, general, 03 

Drills, 330 

Fabriealed forins, 5 

Gages, 606 

(Jears, 473 

Generally used, 3 

Lulo'ieanls. 649; see nUo Ijulirieants 
Materials and their forms, 5, 8 
Metals machined, 14-1; sec rifso Metals 
find Steels 
Milling I'littiM-s, 21K 
Punidies and dies, 642, 64-1 
Saws, 256 
Screw stni*k-, 151 
Seleelinn, 2, 5 
Siiigle-pniiil tnnls, 93 
Taps and ilii'S, 361 

r.sed ill engineering rnnstriiellnii, 3, 
10 

Wnrkeil in ilii's, 6-15 
Measuring 

And gaging, 66S 
Didiiiilinii, 669 
Priiieiples used, (i69 
Slandiinls, 668 

Meter metcii' staiiilard nf length, 
668 

StaiidanJ teiiiperatun!, 6tiH 
I'. S. inch, 669 
Measuring iiistruineiits, 6li8 
Angle gag[.‘ hliMrks, 67t) 

(’alipers, 670 
('lassilication, 669 
Indicators, 674 
Lights wave:, 685 
M.'M'hini;, 6H3, 685 
Master gage hi neks, 675 
Micrometer, 672, 6H5 
Optical, 670 

Binocular microscopes, 682 
('oiniiarators, 682 
Flats, 685 

InUM'feronieber, 688 
Toolmaker’s micmscopc, 679 
Pri)tract«)rH, 671 
Sine l)ar, 078 
Supnrmicrometcr, 684 
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M iMisuriiifC ins I rum nuts 
Tyijrs, 

V prrni]!r, ti71 
MrTiHiiririn; iiia/'hiiinH 

('tiiili>ur-iiit'a.Hiiriii(c lunjcftnr, .'50H, 707 

MiM'hiiiiii'al, 

(500, (i7!> 

Surl’iirii pliitrs, fi7(i 
Mi'.liil-cutiiuK HiiwH, .spr filso Suwa 
Ahriisivi' ilisks, 208 
Haiiil, 262 

Disk or rirruliLr, 263 
Krirl.iiiii ilisk, 260 
Hark, 257 

7 

Mi'ialH, svr. tiisn Steals 
(lust iron, W 

Cast luinfm uuH, 84, 02, 103, 106, 137, 
141 

(.Vi)l)!il1, 103 
Del urn, 103 
Stellite, 00, 103, 106 

(vHsI stei;!, 0 

('ulliiiK toiils, 03 

Fni’friii^H, 0 
Maeliineil, 144 

T'l lu^iiuu'liiiiiiiK metiils, 153 
Stei4s, 153 

Siutereil ejirbiiles, C!irl>i»lny, etr., 103, 
137 

Tiuil Htt'cls, 05, 00, 135 
Metiil prui'essiiLi;, 1 
MiiTumeter, 072 
Mirrnseiipes 
Hiiineiiliir, 682 
Tuulniaker\s, 670 
Milliiif^ 

(3up rnriiiiiliuii, 210 
(Uiltiii|C llukls, 224 
Deliiiiliiin, 175 
Diesiiikiri^;, 188 
lOiieri^v, 228 
I'ixtures. 200 
M:u'liiueH, 175 
MpLIiimI, 205 

I'nwer ami eiierK.v required, 227, 
232 

SpcHHls ami I'etMls, 221 

MilliiiK autt^rs 

AiiKles of teeth, 222 
ClaMsifieatinu and delinition, 210 


Milling eulters, elassifioalioii ami defiiii- 
liuii 

Hiiseil nil nietliud iif niiiiiiitiu^, 210 
Hasefl nil relief nf teeth, 210 
Jlehiiitiniis nf initting speiMl, frnl, .•iml 
depth nf lait, 218 
Feeil, 210 
P'lireeM, 230 
(irimliiifr, 238 

Mae.hiiies uw'il, 238 
WhiMds, 242 
Ham] of rntatinii, 211 
ln-milliii|;, 221 
Life nf eiirhide, 226 
Materials, 218, 224 

Noineiielature nf inilliiiK-eiilti^r teeth, 
215 

Number uf teeth, 216 
J^nwer fur end mills, 238 
Pnwer fur fare mills, 2^14 
Power fur plain mills, 230 
Speed, 218, 227 
T(‘t‘tli aiifdes, 216, 222 
Types, 211 
Milling niaehiiies 
Aer.essuries, 105 

Arbors, aihqilers, and eollels, 105 
Cireiilar tables, 105 
Diviiliiig head, 107 
Staiiilard ef|uipment, J05 
Visi's, 105 

Ckadrali^^ed enntrnl, 177 
(^assifieiitinri, 175 
lleni-li type, 177 
Cnluinn-and-knee typi^, 176 
DiesinkiiiK, 188 
Drum type, 182 
I'^ixed binl, 178 
llnmi niillers, 178 
llnriznnlal and vertical, 177, 170 
Offset, 181 
Planer type, 180 
Planetary tyi)e, 186 
Kolary, 181 

Semiaut ninatie or mamifaeturinK, 
170 

Threiwl, 183 
DeHiiilinn, 175 
Dual l■^lIlt^ol, 178 
Helires, 204 
Indexiii)^, 100 
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Milliiig-miichine ilrives 
Fi)r fpeils, 181, 192 
DeNigiiiitiuii, 194 
Drivifs, 194 
Movpnunit, 192 
Fi»r spiiiilh* hiilmmIs, 1S8 
Moliliiig in iiictiil inulils, 7 
('liissifiejiiion iil' pljwlirs, S 
Thrnnoj)l/isiiL', 7 
Tilpiniosetting, 7 
Mi‘tlinils 

(^nnpi'PHHion, 8 
InjHI-1 ion, 8 
lA'iininiLteil, K 

MiiliLs, pnsitivn Mini overdow, 8 

Nit rilling high spppil sIppI, 107 
Nimiriip.lalure 

hriiai'luvs, 454, 4(i3 
IJpjir tpc'di, 470 
Milling-piitipr Ippth, 215 
ili(?s, 028 

Si'iL'W 111riNIlls, 353 
Singh^-piiiiit tiMils, 82 
Taps, 301 
T^^ ist drills, 322 
Nnniiinil si/e, 12 
NiJSf radius 

Milling pultiTS, 217 
Singlp-piiint tools, 141, 143, 144 

Uptiral Hats, 085, 087 
Optical incasuriiig instruments and coni- 
parators, 079, 703 
Horosioipe, 700 
Ooniiiarators, 082, 703 
Projectors, 707 

Toolmaker’s microscope, 079, 700 
Organization, 12 

Parting tools (cutting-ofT) speeds, 100 
Peening, 103 

Physical properties, 153, 157 
Planer 

Olassitication, 70 

Depth of cut, 78 

Eipiipment and attachineuts, 79 

Features, 78 

Feed, 70 

Housings, 70 

Ixi'iigth and position of travel, 74 


Planer 

Lubrication, 78 

MetliLMl of construetiDn, 70 

MetliiNl of diiving the table, 72 

Method of power appliealion, 70, 72 

Purpose, 70 

Size, 78 

Speeds and feeds, 74, 70 
Plan! layout, 25 
Polisliing room, 553 
Plastics, 7; sep a/so Materials 
(’asein, 10 
t ’elliilose a(;etate, 11 
(’i‘lhilose nitrate, 11 
Laminated, 8 
IMienol resinoid, 11 
Mineral filleil, 10 
Jumper t ies, 10 
H libber, 10 
Thermoplaslie, 7 
Tliermosettiiig, 7 
Tyj)i,‘s, 10 
polishing, 533 

t’oiited abrasives, 538 
l^xamples of, 512 
Definition, 533 

Dust removal and safety, 553 
(irain size, 538 
Kiiom layout, 553 
Speed, 538 
\Vhi*els, 535 

Materials used in constructinn, 535 
Sidting up, 537 

]^llishing and buffing ni.-u'hiiies, 544 , 549 
Abrasive belt, 549 
Automatic., 551 
(.'lassilieation, 544, 549 
(yonlinuous-reed, 551 
Disk, 550 
Layout, 553 
Metallographie, 550 
Two-wheel, 550 
Powdered metal, 0, 11 
Power a]jplic.ation, .srp Powirr drives 
i I'owur drives, 50 

(/Oiistaiit-speed, single-pulley, or 
geared-type, 33 
Oossed-beli, 70, 77 
j (Cylindrical grinders, 555 

Directr-cuniiected variable-speed re- 
versing-type motor, 72, 74, 77 
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Power driven 

Direct-motor, 711 
For drill presses, 278 
For lathes, 33 
For planers, 70, 72 
For radial drills, 203 
For shajKii'H, 56 

For sirii^le-spindle autnmatic hcitw ma¬ 
chines, 422, 427, 420 
Group vs. individual, 711 
Individual motor, 58, 711 
Milling-machine drives 
F or speeds, 188 
For spindle feeds, 1!)2 
Opeii-helt, 33, 71 
Short flal^belt, 57 
Steji-eoiie-pulley, 211, 32, 57 
Twi>-wheel grinders, 54!l 
Power rapid traverse 
Milling, 17!) 

Planers, 74, 77 
Sha|jers, 65 

Power required to cmt metal 
Couiit/(*rboring, 347 
Drilling, 167, 333 
Grinding, 575 
Milling, 167, 228, 230, 235 
Planing, 162, 167 
Tapping and threading, 370 
Turning, 160, 165 
Nomograph, 168 
Precision grinding, 555 
Presses, 501) 

Classihcation, 500 

Forging hammers ami pressi's, sne 
Forging hammers and pr(*.sses 
Frames, 6(K) 

Hydraulically operated, 604, 610 
Manual and power mechanically op- 
cratrd, 600 
Aci'essories, 616 
Knockouts, 618 
Safety devices, 617 
Scrap cutlers, 618 
Stock-feeding devices, 617 
Brakes, 607 
Cam-operated, 602 
Clutches, 613; see aho Clutclies for 
power presses 

Construction for applying (K)WBr, 602 
Cranks, 602 


Presses, manual and power miThaiii- 
cally operated 
Gang, 600 
Knuckle-joint, t)03 
Number of rams, 600 
Single action, 000 
Percussion, 602 
Hams or slides, 600 

Single-, double-, or triple-action, 
600 

Selection, 618 
Steam hydraulic, 621 
Toggle, 603 
Uses, 605 

Band rolling macJiiiies, 607 
Brakc^s, 607 
Dieing, 60!) 

Drawing, 605 
Embossing or fa)iniiig, 608 
Eyelet machines, 610 
Flanging, 607 

Four-post dieing maidiiiii's, 610 
Horning or wiring, 608 
Nibbling maehiiies, 610 
Punch, 605, 611 
Shears, 605, 611 
Slitting, 607 
Sprue-euftiiig, 605 
Trimming, 605 
Wiring, 609 
Product design, 1, 2 
Pumps, hydraulic, 619, 725, 730 
Ai'cessciries, 732 

Puiii’hes and dies for pressi'S, 625 
Classification, 628 
Compression nr squeezing dies, 641 
Cutting dies, 628, 630 
Purpose, 630 
Size of blank, 635 
Definition, 625 

Example of the use of cutting and 
slmiiing dies, 637 
Lubricants, 649 
Matirrials for dies, 642. 64 I 
Materials worked in dies, 645 
Shaping dies, 630, 633 
Drawing dies, 634 
Pressure altaehmeiits, 63-1 
SikhhIs, 648 

Various parts of a die, 625 
Pyroxylin, 8 
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Quality fontrol, 704 
(Quality of surfar’i' (iiiinh, 655 

Reaiiii‘rs 

DL'fii.ilion anil I'hissilicalirin, 1)48 
Kraiiiint; 

(■hiii'ks, 350 
Cut tint; lluii ls, 353 
SpiM'iis Mini f(‘i*ils, 352 
Hi4ipr aiiKU- 
Dies, 361) 

Drills, 321, 325 
I'ni'iniiiK tools, 40t) 

Million ciiUiTs, 210, 215 
Saws, 264, 267 
Sinnli‘-poini tools, 140, I 1 1 
Taps, 362 

Hi'lii'vinn al larliiiii'iil. 51 
Itollinn lionvs, 51)3 
Roiiliiins, 16 

Sawinp 

Cut I inn 270 

Drlinitinn, 246 

Mai-hiiips, 2-16; .s-rr rr/.s-o Sawiii.* 
iiKU'liiiirs 

Various matrrials, 270 
Sawinn inai'hirips, 2 16 
Haml saw, 216 
C'ii'rular sa^^, 2 16, 25 I 
I'jiiplnyinn ilisk sa ws, 251 
Ahrasivi* .saws, 256 
(’oilI saws, 251 
Krift.inii saw>, 255 
llai'U s;i.w, 246 

Sawinn ami lilinn lUMi'liiiiPs, 251 
Saws, 256 
liaiid, 2ti2 
Spiaals, 262 
J)isk or rinailar, 263 
AhrasivT disk, 268 
Cold saws, 263 
(lonravi* nroiiiid saws, 261 
I5‘ii‘lion disk saws, 26!) 

Mrlal slit l inn, ^03, 266 
Tyjx's of t (“(*tli, 264, 268 
Orindiiin, 266 
Hai:k-.saw l)ladi*s. 257 

Cut linn sfM'i'ils anri friMlinn pri'ssiiru, 
260 

Numlipr of Ipatli, 25!) 


Saws. liai*k-saw ldailo.s 
Set, 258 
Stfnd. 258 
Tv|H‘s, 25!) 

Srrapinn surfaiavs, 5!)1 
SriTw-puttinn latlips, 32, 37 
Sarew iiiaidiiiips 

Autoinatir, 110, 122; .'fra nls\) Auto- 
inatii' turninn maidiina.^, 410 
Chui'kinn and hiLr-fiMalinn niia'Iianisins, 
3!) I 

CltLSsiHration, 381, 387 
(/liltinn Iluids, 407 
Didinilion, 378 
Frinripli‘s involved, 385. 3!)6 
ComhiiKMl 1 ‘iils, 385, 3!)6 
Mullipla nils, 385, 3!)6 
Uiniilily, 382, 3!)7 
Sufi‘issivi‘ puts, 385, 3!)7 
Spppds and fiaals, 406 
Tools anil loidlioldprs, 389, 401, 403 
Typipal, 387 

lland-o])pratpd, 387, 3!)2 
Sprinn prdipts oi' rhiirks and fppilinn 
finni'i-s, 38!), 3!)1, 428 
4'ools, 38!) 

Wiri*-l‘ppd, 3!)I 
W'ilii ))lain liiMid, 387 
Srrpw llirp.ails 
A nor, 351 

Aiiiprii an (Drinn**^) slaiidai d T)i]>i‘, 355 
Aniprii'aii (Xalional), 353 
Hill li ■pss, 355 
Dardalpl, 357 
l'’orins, 353 
Insppi’lion, 705 
Intpi'iialiiMial nii‘trir, 355 
Mai'liinp srrpws, ASMC 
I'lai'lioiial .sl/ps, 353 
NiiiiiliPi'Pil si/ps, 353 
Mi'asunaiiPfil or in.^ppplioii, 705 
National I'oarsp, 353 
National fiiip, 353 
Frodijrlion, 360 
Squarp, 354 
i;nifipd, 14, 353, 357 
tlirpiul, 354 
Whil,worth, 355 
Sidfflivp as.s«Mnl»ly, 12 
Sliapnrs 

Cfnlraliy.pd ponlrol, 66 
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Shapfirs 

Clasflification, 56 

DrivBB, 57 

Dual-f‘.oiitrijl, 66 

ICquipniBiit and attiiidimentB, 66 

FuaturfiH, 65 

Power rapiii liiivnrwe, 65 
Stroke and I'eeil, 5!) 

lx;iigth and poHition, 61 ■ 
tShapeR of inaitM'iidH, 6 
Shaping; dien, 631^ 

SinKlivpoiiit tools, HI 
(Jliip lireakors, 106 

(kit.tioK aelioii and chip lonnation, 
127 

Chatter, 132 

I'orrres and power, 1(K) 

I )elinitioii, 83 
(iriiidinK, 105, 106 
J^al heH, plaiua's, and shapiTS, 82 
Maj'hinaluliiy, 126, 133, 151 
Eirn’ii'ne.y', 133 
l'jul-eiiliinK-<3il|re an^^le, 105 
Failure, 133 
Nose radius, 141 
Hake an^le, 138 
llelief an(»:le, 140 
Shape vs. perlnrinaiii'B, 138 
Side-euttiiiK-edne angle, 142 
Materials, !I3, 135, 141 
MelaU luiudiined, 151 
Noiueiielatiire, 82 
Shapes reroiuinended, 143, 144 
Sjx'eds and feeils for turning, 143 
SurfiM’e quality, 168 
Surface treatnients, 101 
Sintered carhide tools, 103 
Dies, 643 

Drills, 327, 330, 334, 3 13 
Gages, 6! 16 
Grades, 13!) 

Grinding, 108, 113, 374 
Hobs, 404 

Milling, 217, 224, 226, 243 
Saws, 268 
Shape, 02, 217, 226 
Single-point tools, 02 
TipiMHl, 86, 02 
Tips, 01, 263 

Specirieations for steel, 4, 157 
Spetnl lathes, 29 


Speeds, see also Speeds and feeds 
Buffing, 539 
Drawing, 648 

Geometrical progression, 38 
Grinding, centerless, 562 
Grinding, cylindrical, 52!) 

Grinding w4icels, 520 
Grinding work, 530 
Honing, 585 
Polishing wrheels, 538 
Sawing, 256 
Abrasive., 268 
Band, 262 
('old saws, 263 
^''|■ictioIl, 260 
Hack, 260 
Metal slitting, 266 
Singlfvpoint tools, 143 
S[)innirig, 652 
SpciMls and feciis 

Automatic srTcw inachines, 443 
Brotiching, 466 
Drilling, 332 

Bei'oinmeiideil practice, 332 
Geometrical progression, 38 
(binding, face, 571 
Hydraulic feeds, see Hydraulic feeds 
Lathe feeils, 38 
Milling, 218, 221, 223, 236 
Parting (cutoff), 146 
Planers, 70 

Length and position of table travel, 
74 

Ib'versing of taldc, 77 
Size, 78 

v^pceds and feeds, 74 
Reaming, 352 
Sawing, 256 

Abrasive disk, 268 
Band, 262 
Cold saw'H, 263 
Disk or circular, 263 
Friction disk, 260 
Hack, 2(K) 

IHctal-slitting, 266 
Screw machines, 406 
Shapers, 56 

Size and shape of cut, turning, 
149 

Threading, 146, 370 
Turning, 143 
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Spt^eils and fiMjda 
Tuniinii; single-point tools, 143 

Coininemiil nutting speeds, 143, 144 
Cutting-speed tool-life relatinnsliip, 

147 

Sha])e versus pciTimnaiice, 138 
Best shiipe, 143 
Nose radius, 141 
Bake, 138 
Belief, 140 

Sidixnittifig-iMlge angle, 142 
Taylor’s praetiee, 140 
Cast iron, 140 
Steel, 147 
Turret lathes, 400 
Spinning, 051 
Luhrir'ants, 053 
Speeds, 052 
Stampings, 7 

Slaiidards, AlSl and SAI\ 4 
Measuring instruivuMits, GOS 
t )f iU'.i'iiraey for lathes, 53 
StiM'la 

Bar stork, 5 
Carbon tool, 00 
Heat trf'atmerit, 06 
Cobalt high-speed, 08 
Dies. 042 

For hark-saw blades, 257 
High speed, 97 

Heal trealment, 98 
Surfaee treatments, 101 
JVlaehiieability, 151 
Alloy gear, 155, 150 
Aluminuin, 158 
Brass, 15S 
Cast iron, 158 
(^)]d-finishi‘d, 153 
Fiitectnid, 155 
Frei*-(*utting, 154 
lIigh-(\arbon steel, 155 
Low-, inedium-earbori steel, 154 
Stainless, 158 
Stnieture, 153 
SAE elassifieatioii, 4, 154 
Semihigh spe4?d, 97 
Stainless, 5 
Tool, 135 

Worked in dies. 045 

Stellite, see Casting, cast nonferrous 
metal 


Stoek-fceding meidianiBniB 
Fresses, 617 

Screw machines, 389, 391, 428 
Subpress, 027 
Superfinishing, 102, 591 
Supermiernmeter, 084 
Surface Onishiiig anil [quality 
Blocks, ti03 
Buffing, 538 

Equipment for measuring, 057 
Crinding, 575 
Honing, 583 
Lapping, 587 
Planing, 77 
Polishing, 544 
Qualily, 055 
KhiAX S, 055 
Lay, l)5li 
Boiighness, 055 
Stainlai'iIs of, 055 
Symbols to indiieate, 050 
V^arioUH surfaces, 000 
Waves, 055 
Bolling, 593 
BotofiiiiKli, 595 
Scraping, 591 
Standards, 055 
Superfinishing, 591 
Tumbling anil Imrrel finishing, 594 
Turning, 108, 170, 0t»3 
Surface grinding, 570 
Surfaee plates, 070 

Tables for maidiines 
(^nii])ouiid, 082 

Drilling niarhineH, 274, 277, 280, 283, 
285, 280, 292 
Jig-I niring iiiai'hiiies, 298 
Milling machines, 170,178,181,184,188 
C’ireular tables, 181 
Planers, 74, 78 

Ijenglh and ]KiHition of table travel, 
74 

Method of driving, 72 
Crank and bull gear, 73 
Hydraulic drive, 73 
llyjMjid-gear drive through redue- 
tiuii gears, 70 
Train of helical gears, 70 
Traill Ilf herringbone and spur 
gears combined, 75 
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Tables for machines, planers, method of 
driving 

Train of spur gears, 75 
Iteversirig, 77 
Speeds and IVeds, 74 
Hailial drilling inaidjineK, 2!K], 2112 
Sawing machines, 246 
Shaiiers, 57, 64, 67 
Toolmaker's mieroseopi;, 6711 
Taper-turning attaidimeiit for lathes, 51 
Tapers 

r'or drill press spiiidli's, 280, 2K1, 2112 
Morsi', 322 
lteami“i's, 350 
Si'lf-liolding, lahle of, 323 
S<‘ir-r(;li'asiiig for milling, 106 
Ways of luiriing, 51 

Tapping maeirnies, sae Threading ina- 
t-ldiii's 

Ta])s, 361; ,sf’p a/so Threading tools 
heiil shank, 365 
(^dlapsihle, 365 
Out mid ground thr(‘ails, 362 
Definition, 361 
Cii'iiiiliiig, 371 
Maud, 363 

Ta|H'r, plug, and hottomiiig, 363 
llanil or power drive, 3t)3 
Ini('rriifileil-thrr'ad, 360 
Maelnni* lap|)ing, 3li3 
Matio'iiils, 361 
XumloT of Mules, 363 
Tori|iie and puwi'r, 370 
Typl^H of ta])s, 361 
Thi'iinoeoiiple, 161 
Thread-rolling nnudiiiii\s, 310 
Threading 

('lilting fluids, 3lill 
Devii'es, 310, 316 

Di es, 366; .sr r also Threading to[)ls 

Marhines, 302 

Sjieeds, 370 

Stock, 303 

Tapping head, 314 

'Fools, srv Threading Usds 

Tonfue and |>ower, 370 

Vises, 316 

Threading mat'llini^s, 302 

Atlaehinents and aecessurius, 310, 316 
Jient tap, 307 
Chucks, 310 


I Threading machines 
Devices, 310, 316 

Drill i)iess with tapping attachment, 
278,2711,281,290 
High-spiaal, 307 

Multijile adjustahle-spiiidle tapping. 

309, 312 
Xut 1ap))e.r, 306 
Pipi^-threadirig, 303, 305 
Porlal)ll^, 30-1 
Kev(*rsiiig spindle, 303 
Sioniautoinalic tapfiing, 306 
Thread rolling, 310 
4'hreailing lools, 353 
(kitting Muids, 369 
Dies, 366 

Adjijstahle, 366 
Features, 368 
(*hip space, 3(i9 
Leiifl, 370 

Nuinher of chasers, 370 
Make and relief angles, 369 
Mead, 367 
Solid, 3()6 
'ryp(‘s, 366 

I'onns of screw threads, 353 
(ii'indiog, 371 

Mi'thods (>r rorniiiig 1hri‘a.ds, 302 
S[M*fMls, 1 11), 370 
Taps, 3(il; scp also Taps 
(\d1a|Ksil)li‘, 365 
(kil and grouii<l Ihri^ads, 362 
Hand, 303 
Machine, 302 
Mateihils, 303 
llelief, 303 
'ry])e.s, 36-1 

Tools and toolhoUleis, 82, 86 
Vist\s, 316 

Tlo'ce-wirc method, 705 
Time sludy, 20 
Allowaiii'i's, 20 
Definition, 20 

Sample tiiiie-siiidy sheet, 21 
Standard time, 20 
'rij)j>B«l ItMils, 86, 92 
Toli'raiin-, 14 
Metal Ills, 13 
Si'iTW threads; 14, 357 
Tool hits, 86 
Tool efficiency, 133 
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Tmil fiiilurp, 133 

Tfinl uriiiili'rs, .ffT (IrindinK m.‘ir}niins 
Tcm) 1 lifi', iiDiiiuKiaph, lOK 
T(ii)l posts 
Ij:ilhi*s, SJ 
PllllHTh, 71 
Sliti]n‘i>, oli 
Till r et liillics, 380, 401 

(’iri-iiltir ami iIovH.-iiUmI, lO.') 

, SI, Hil, Hli 

Tiirrrl lallii* anil scrrw Jiiai'hiiii*, 40J) 
Timliii.-ikia's Imttiiiih, 2117 
Tdoiiiiakrr’s flat, 077 
4'in)linaki‘r’^ iiiirriwiaiiK', 081, 700 
Tonlriioin lallii's, 30, .’lO 
Tni)lsliili“ lalIll's, 37S 
'J'lMil.s, srr ('lilting (Dills, Sm^li'-jniiiit 
1 Dills, "rill I’ailiii^ t Dills, and 
Puiirlii's .‘liiil ilii's iiir |iri'ss(*s 
Tiiniup anil lliriisl 
(Dmil itImu'iiik, 347 
Drilling,, 333 

Amii'ali'il S\K 0150 sIim '1 anil suit 
l ast irnn, 333, 330 
(/DiniiarisDii nl liiriiiii' vaUii's, 337 
(’iinslaiits liii si'vrial anaUsi'S iil 

sti-cl, 33S, 33!» 

l)i'vi‘Iiipini‘nt 111 Innnulas, 312 
Klli'i’i 111 i-ut Iin^ llniils Dll 1 iinpii'anil 
lln-usl, 310 

Tart Ill's (ill- DlilainiiiK valui's liir 

iitlu'i '■Iri'Is, 337 

Fiinniilas ili'li‘rinini>il Iriiin ilrillint^ 
liriiMis anil niinlninns nu'ials, 

338 

Tliriisl Idi aimi'aliMl S\h I020slia4, 
i-liarl. 340 

Tort|iir Inr aiincalial SAK l()20s(fM'l, 
i-liart, 3311 
Thraailiiif;, 370 

Tumbling anil liarri'l liinsIniiK, .'ill 1 
Turning, svt Autiiinalir (urnirifr ma- 
I'hini's, TiatliL'H, Turrrl latlics, 
and vSi'irw mafliincs 


I 


Turrpt lathes, srrew machineB, and hand- 
operated proiluetion turning 
inaehini's. 378 

Chui'ks for turret lathes, 394 
ClassiOeatiun, 378, 381 
Cutting tluiils, 407 
Definilioii, 378 
Example of setup, 397 
Pnni’iples involved, 390 
Serew maeliiiies, 387; srv also Serevv 
iiiaehines 

Speeds and feeds, 400 

TimiIs ami toolholders, 401 

Tiirrel lathes, 379: sre also Jjathes 


Universal turret lathe, 381 
V. S. ineli, liO!) 


Variahle-speeil transinisBiiins 
Eleetrieal, 713 
llydraulie, 721 
Meehanieal, 71!) 

Pumps, 72(1 

CDiislunt-ilelivery, 72 I 
Varialili'-deliverv, 72 I 
Vert leal lathes, 35 
Vert leal turret hit lies, 383 
\'ises 

Drilling, 31(i 
Milling, 195 
Plani*r, 70, 79 
Sawing 

Hand, 253. 255 
(’iilil, 250 
llaek, 218, 219 
Sliapei, 00 
"rtireadiiig, 31ti 


Watlineler, 100, 2:i0, 23-1, 238 
I W elding, 7 

I Work-holding deviees, srr Jigs and fi\- 
j tures, C'hueks, and Vises 

I Working angles, 8-4 







